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1.1 SEcONDARy EDucAtION fROm A pROfESSIONAL ExpERtISE 
DEvELOpmENt pERSpEctIvE, A LINKINg pIN?
A typical feature of high-skilled professionals, whether doctors, lawyers, 
accountants or biologists, is that they can solve domain specific problems with a 
multidisciplinary, complex and wicked character. Expertise development research 
explores the ways in which (future) professionals acquire specific knowledge, skills 
and attitudes and more specifically how the quality of problem solving develops 
as they gain more education or work experience in a particular domain. Research 
in this area focuses on students in higher education, as well as on professionals in 
the workplace (see Arts, Boshuizen & Gijselaers, 2006 - business; Boshuizen, 1989 
- medicine; Nievelstein, van Gog, Boshuizen & Prins, 2010 - law; Vaatstra, 1996 - 
accounting). Researchers (e.g. Boshuizen, Bromme & Gruber, 2004; Ericsson, 2009; 
Hatano & Ouro, 2003) agree that gaining expertise requires years of experience in 
solving problems in the domain as well as deliberate practice. Moreover, education 
plays a role in accelerating this transition process.
The question is whether expertise really only starts to develop in higher 
education. Are the first steps towards expertise not taken already in secondary 
education (Alexander, 2011; Feldon, 2007; Hatano & Oura, 2003)? Alexander (2011) 
for instance argues that the seeds of expertise are planted in secondary education. 
After all, today’s secondary school students are tomorrow’s professionals. One of 
secondary education’s tasks is to prepare students for further studies and working 
life. Therefore, the secondary school subjects will have to lay the foundation 
for the knowledge, skills and attitudes that a future professional requires in a 
particular domain. In this respect, the importance of being able to deal with 
complex, multidisciplinary, wicked problems is widely recognized. Business expects 
employees to identify and properly analyze problems, think through different 
solutions, argue on alternatives and explore new thinking paths if their approaches 
do not work out successfully. It is precisely this skill of problem-solving which 
lies at the heart of expertise. Secondary education plays a major role in supporting 
students in taking steps in the development of problem solving skills and therefore 
in their journey towards expertise. Or, as Hatana & Ouro (2003, p. 26) state:  
‘While basic schools cannot make students real experts, they can place students on a 
trajectory toward expertise or prepare them for future learning.’ This raises two core 
questions. First, does the quality of problem solving of secondary school students 
changes during the course of their secondary school trajectory? Second, what are the 
instructional principles that should be used to design learning environments that 
foster this change in the quality of problem solving? With this dissertation, we aim 
to formulate answers to these questions.
The aim of this study is to contribute to the expertise development research 
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field in three respects: 
1. If the theorem that secondary education should plant the seeds for future 
professional expertise is true, research is needed that approaches secondary 
education from an expertise development perspective. Such research 
has hardly been conducted. Although a vast amount of studies have been 
conducted in higher education, little is known about the stage before higher 
education, known as secondary higher general education/ pre-university 
education.
2. In recent decades, expertise development research has focused on 
identifying and understanding the differences in the quality of domain-
specific problem solving between different groups with different 
backgrounds in terms of work and educational experience. This research 
has led to various implications for the organization of education. These 
implications are to be found in various places in the literature, but have 
not been collected systematically. Thus, no systematic knowledge has been 
gathered on how to design learning environments in such a way that the 
development of expertise in terms of good quality domain-specific problem 
solving is promoted. 
3. The process of gaining expertise implies the acquisition of knowledge 
and skills, as the basis for problem-solving. This is accompanied by 
socioemotional changes such as changes in the interest people have in 
the subject (Hatana & Ouro, 2003). Although the role of interest has been 
stressed by various expertise development researchers (e.g. Alexander, 
2003, Hatana & Ouro, 2003), expertise development research has seldom 
paid explicit attention to the role of interest in students trajectory towards 
expertise. 
In the next section, we introduce the core issues addressed in this dissertation: 
(1) professional expertise development and expert problem solving; (2) the role of 
formal education in enhancing the development of professional expertise. Next, 
we describe and explain the research setting we have chosen. Finally, we briefly 
introduce the different studies reported in this dissertation.
1.2 pROfESSIONAL ExpERtISE DEvELOpmENt AND ExpERt pRObLEm 
SOLvINg
Chi, Glaser & Farr (1988) summarize the characteristics of expertise in seven 
general properties. They argue that experts (1) excel primarily within their own 
domain, (2) perceive meaningful, interconnected patterns in their domain, (3) are 
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faster and more accurate than novices when performing the skills of their domain, (4) 
have better short- and long-term memory than novices, (5) perceive problems in their 
domain at a deeper (more principled) level than novices, (6) spend a larger proportion 
of their time qualitatively analyzing problems, and (7) self-monitor effectively during 
problem solving. Results of studies on the nature of expertise conducted in a variety 
of domains, e.g. medicine (Schmidt & Boshuizen, 1993), business (e.g. Arts et al., 
2006; Vaatstra, 1996), and biology (Bromme, Stahl, Bartholomé & Pieschl, 2004), have 
shown that these characteristics of experts are universal as they occur throughout the 
different domains. 
The development from novice to expert is described as a long and ongoing 
process, starting in formal education and continuing throughout professional life. 
During this process, the different elements of knowledge, skills and attitudes are 
continually transformed qualitatively and quantitatively (Boshuizen et al., 2004) to 
support better domain-specific problem solving. Expertise development research can 
be characterized as an exploration of ways in which individuals differ in knowledge, 
skills and attitudes in a domain and how their reasoning changes as they gain more 
experience through their education and work (Hallam, 2010). 
A common critique of expertise development literature is the lack of attention 
to the role of motivational variables. Traditional expert/novice researchers have 
considered expertise from a coldly cognitive perspective, overlooking among other 
things, powerful motivational forces (Pintrich, Marx & Boyle, 1993). One reason 
expertise investigators have often ignored individual differences in motivation is 
that their research has frequently been focused on a restricted pool of participants 
(students in higher education and practitioners); those who lack motivation 
will obviously not have entered that domain of expertise. However, without 
understanding those motivational/affective dimensions, educators cannot explain 
why some individuals persist in their journey toward expertise, while others 
yield to unavoidable pressures to leave the domain (Alexander, 2003; Bereiter 
& Scardamalia, 1993). Indeed, a number of researchers who approach expertise 
development from an educational psychology perspective show that motivational 
variables, more specifically interest, do play a role. Alexander’s Model of Domain 
Learning (2003) emphasizes interest as an important precondition for expert-like 
behavior in terms of applying deep-level strategies. Her research (2003) describes 
how interest changes in a qualitative sense from interest driven by the environment 
(situational interest) to interest that comes from within (individual interest) as 
one approaches expertise. Individual interest entails the energizing of learners’ 
underlying needs or desires in the long-term (Alexander, 2005). It is a deep-seated 
involvement in a given pursuit, subject, or topic (Hidi, 1990). Students in the early 
phases of expertise development often do not possess such deep-rooted individual 
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interest (Del Favero, Boscolo, Vidotto & Vicentini, 2007). A possible explanation is 
that adolescents struggle with different goals and values in an attempt to develop 
a system of values that constitute their selves (Damon, 1991 cited by Hofer, 2010). 
In other words, adolescents have no clear idea of what they find individually 
interesting. On the whole, therefore, situational interest dominates in this early 
phase of expertise (Del Favero et al., 2007; Logtenberg, van Boxtel & Van Hout-
Wolters, 2011).
The abovementioned studies all share a relative approach towards expertise. 
Chi (2006) distinguishes between an absolute and a relative approach to the nature 
of expertise. The former refers to research on top performers, the exceptional 
individuals, who excel in a particular field (especially in sports), or in other words the 
happy few. This type of research sets out to unravel how these exceptional individuals 
perform in a certain domain. Studies following this approach characterize expertise 
as the capability to demonstrate consistently reproducible, superior performance 
when compared to less accomplished individuals in a specific domain (e.g. Ericsson 
& Smith, 1991). 
Relative methods involve comparing more-experienced to less-experienced 
participants, not only focusing on experts and novices. This relative approach focuses 
on individuals at various points – in between expert and novice – along the path 
to expertise. Investigating expertise development from this perspective implies 
the existence of a specific goal, i.e. that the student develops in the direction of the 
standards set by the specific professional community this person is in schooling or 
training for (Boshuizen et al., 2004). From that perspective, expertise is relative to 
the standards for the quality of the services provided to the clients of the profession 
usually set by the profession itself. The advantage of this approach is that it can 
be used to uncover the structures and processes underlying the development of 
expertise. Such insights can be derived from analyzing problem-solving differences 
between novices, intermediaries and experts, rather than only focusing on the ways 
in which experts can excel (Nokes, Schunn & Chi, 2010). In this research project, 
given our focus on the role of secondary education for expertise development, we 
focus on expertise development from a relative approach for two reasons. First, the 
relative methods focuses on the novice-to-expert development. This is in contrast 
with the absolute approach whose focus is solely on expert performers ignoring 
the whole process before becoming an expert. Our focus in this research project 
are secondary school students who can be considered as novices following Shreiner 
(2014). Second, closely linked to former reasons, is that relative approach makes 
statements about the design of education to promote the development towards 
expertise. Our research project is focused on educational settings, which makes the 
relative approach suitable.
19
 1.3 DESIgNINg LEARNINg ENvIRONmENtS fOR SuppORtINg ExpERtISE 
DEvELOpmENt
There is a vast amount of research on learning environments that has addressed 
the key features of learning environments enhancing student learning. There is 
a long tradition of evaluating the quality of learning environments, and many 
surveys and questionnaires have been developed to this end. This strand of research 
is dominated by a psychosocial perspective on learning environments. From a 
psychosocial perspective the classroom learning environment should create favorable 
conditions for learning; in other words, attention should be paid to factors that, for 
example, affect student satisfaction, student safety, cohesiveness and autonomy. This 
perspective has been offering valuable insights. However, in order to draw conclusions 
about the role of learning environments supportive of expertise development, an 
additional perspective on learning environments is needed.
Based on the results of research on expertise development taking the 
relative perspective, various researchers have been formulating educational and/
or instructional implications. However, to date a comprehensive overview is still 
missing. Systematically organizing the implications which are currently scattered 
in literature in terms of instructional principles, is an important step towards 
improving the instructional design of learning environments aiming to foster the 
development towards expertise. Following McKenney, Nieveen, & van den Akker 
(2006), we define instructional principles as theoretically and empirically grounded 
constructs (substantive knowledge) linking strategy components (prescribing what 
to do, and when and how to do it) with intended pedagogic effects. The assumption 
underlying these instructional principles is that they are intended to be widely 
applicable across domains and situations, although specific conditions of learning 
environments can affect the implementation of the principles (Koedinger, Corbett & 
Perfetti, 2012). Altogether, the purpose of these instructional principles is to facilitate 
learning processes that foster students’ development towards expertise. 
Where there has been no previous comprehensive overview of such instruction 
principles, Tynjälä (2008) takes an important step to bridge expertise development 
research and school learning. Her Integrative Pedagogy Model (see Figure 1) enables 
teachers to design and implement lessons, taking all relevant aspects of expertise 
development into account.
The starting point of this model is that learning environments are designed in 
such a way that all the basic elements of expertise i.e. theoretical knowledge, practical 
or experiential knowledge and self-regulative knowledge are present and integrated. 
Furthermore, Tynjälä refers to learning processes, which are conditional upon 
this integration. Identifying these learning processes is necessary ‘to understand 
how experts became that way so that others can learn to become more skilled and 
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knowledgeable’ (Chi, 2006, p. 23). Tynjälä (2008) distinguishes the following three 
learning processes: transforming conceptual/theoretical knowledge into practical/
experiential knowledge; explicating practical knowledge; and reflecting on both 
practical and conceptual knowledge by applying and developing self-regulative 
knowledge (see Figure 1). Problem solving plays a central role in her model. Various 
authors (e.g. Bereiter & Scardamalia, 1993; Herling, 2000) claim that the key to 
expertise lies in an individual’s ability to solve problems. The quality of problem 
solving itself manifests the degree of expertise. In this dissertation, the Integrative 
Pedagogy Model serves as a means to organize instructional principles, aimed at 
promoting the development towards expertise (chapter 2).
An implication of the lack of a comprehensive overview of instructional 
principals for designing learning environments that foster expertise development, is 
the lack of measurement instruments. To the best of our knowledge, no instruments 
are available to measure the quality of such learning environments as well as their 
impact on students’ development towards expertise. Moreover, related to this lack of 
instruments, evidence is lacking on the relationship between students’ perceptions 
of the learning environment and students’ quality of problem solving in formal 
educational settings. 
Figure 1 Integrative Pedagogy Model (adapted from Tynjälä, 2008)
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1.4 thE RESEARch SEttINg
We conducted our studies in Dutch upper secondary school, grades 10  
(208 10th grade students), 11 (256 10th grade students) and 12 (179 12th grade students)1. 
A total of 643 secondary school students participated in this research project. 
One of the school subjects is Management and Organization (M&O). This school 
subject covers six areas, namely 1) organization, 2) finance, 3) marketing, 4) financial 
policy, 5) management information systems including the use of ICT, and 6) 
external financial reporting. The central objective of this subject according to the 
National Curriculum is that students by the end of 12th grade are able to analyze 
common problems within commercial and non-commercial organizations in the 
abovementioned six areas from a management perspective (College voor Examens, 
2013). Given the core focus on problem solving and the complex character of 
business problems, it is a relevant subject as a setting to study secondary students’ 
development towards expertise development. 
Moreover, it is an interesting subject for studying the role of interest. For 
many of the 27,000 to 30,000 students who study M&O in secondary school - which 
is 30% (Alberts & Erens, 2011, 2012, 2013, 2014, 2015) of the total school population 
that can follow a business course in secondary education - it will be the only formal 
business course they will ever follow in their life. Given that many students will not 
study Business at university, they may have a hard time imagining the usefulness 
of studying this subject. Although the overall yield for these students should be 
an introduction to and practice in solving wicked, complex and multidisciplinary 
problems, situational interest might play an important role in the first steps they 
take on the expertise development trajectory.
1.5 OvERvIEW Of thE DISSERtAtION AND RESEARch QuEStIONS
This dissertation started from the concern with the implications of expertise 
development research for improving school learning. How can secondary schools 
place students on a trajectory toward professional expertise and prepare them for 
future expertise development? More specifically, which instructional principles, taking 
students’ interest into account, influence students’ quality of problem solving?
Several stepping stones were needed to be able to find answers to this question. 
1 Dutch secondary education has four types of secondary education which are hierarchically ordered. In 
descending order, they are pre-university education, senior general higher education, pre-vocational 
secondary education and practical training. The school subject Management & Organization is only 
offered in pre-university education and senior general higher education. Management & Organization is 
an elective subject in contrast to the school subject Dutch and English which are obligatory.
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Research question 1: Which instructional principles aiming to foster the development 
towards expertise can be derived from the professional expertise development literature?
To answer this question, an integrative literature review has been conducted 
(chapter 2). This method is a rigorous and widely used approach for summarizing 
and analyzing literature from diverse methodologies. Based on this data, 
instructional principles supportive for learning in terms of developing towards 
expertise are generated. These instructional principles were organized using Tynjälä’s 
Integrative Pedagogy Model. 
Research question 2: How can we measure in a valid and reliable way the extent to which 
a classroom learning environment is consistent with known instructional principles for 
promoting development towards professional expertise?
In Chapter 3 we describe the development and validation of an instrument 
(SLEED-Q, Supportive Learning Environment for Expertise Development 
Questionnaire). The SLEED-Q is based in the instructional principles supporting 
expertise development resulting from the review study in chapter 2. 
Research question 3: What are the differences in the quality of problem solving in terms 
Figure 2 Overview of the present thesis: from instructional principles to instruction to expertise
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of expertise characteristics between 10th, 11th and 12th grade students, taking interest into 
account? 
In the study presented in Chapter 4 we explore differences between 10th, 11th 
and 12th grade students in the quality of problem solving in the context of the 
subject Management & Organization. As we focus on the earliest stage of expertise 
development during formal education, we have taken the role of motivational 
variables, more specifically situational interest into account (Alexander, 2003; Hallam, 
2010; O’Byrne, Clark & Malakuti, 1997). 
Research question 4: What is the role of students’ perceptions of their learning 
environment in explaining differences in students’ quality of problem solving in terms 
of expert problem solving characteristics, and what role does students’ interest play in 
mediating these differences?
In Chapter 5 we explore whether students’ perceptions of the learning 
environment explain differences in quality of problem solving and whether 
situational interest plays a mediating role. 
The final chapter of this thesis, Chapter 6, provides an overview of the 
major research results of our studies. It contains further general implications for 
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instruction and education, and ideas for future research. 
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2.1 INtRODuctION
Experts have an important role in society as they are called in for advice on 
their respective subject. Experts’ extensive knowledge base is widely recognised as 
a reliable source for problem solving, judging or deciding rightly, justly, or wisely 
in a particular domain (e.g. Arts, Boshuizen & Gijselaers, 2006; Cannon-Bowers & 
Bell, 1997). However, an expert is not born overnight. The development towards 
expertise is a long and gradual process. Largely speaking, the road towards expertise 
distinguishes three levels: novice, competent and expert (Alexander, 2003; Dreyfus 
& Dreyfus, 1986). Each of these levels is characterized by qualitative differences in 
knowledge, skills, attitudes, and performance. 
As a critical purpose of formal education is to prepare students for their future 
professional lives (Kinchin, Cabot, & Hay, 2008), it plays a crucial role in the expertise 
development process. If formal education aims to educate professionals, ‘it makes 
sense to start with an understanding of the nature of professional expertise’ (Fenton-
O’Creevy & Hutchinson, 2010, p. 70). That does not mean that formal education 
produces experts. The goal of formal education is to help students develop the types 
of knowledge representations, ways of thinking, and social practices that define 
successful learning in specific domains (Goldman, Petrosino & CTGV,1999; Hatano 
& Oura, 2003) and thus lay the foundations for the development of expertise. Or, 
as Tynjälä, Nuutinen, Eteläpelt, Kirjonen & Remes argue (1997), ‘Education as an 
institution and educational practices have an important role in creating (or inhibiting) 
the preconditions for expertise’ (p. 479). Indeed, former research (e.g. Gijselaers, Arts, 
Boshuizen, & Segers, 2006) shows that graduates can reach the level of competence. 
Becoming an expert, reflected in a qualitative surplus of knowledge, skills and 
attitudes and outstanding performance relative to the other levels, additionally 
requires extensive experience and continuous guided learning at the workplace. 
Recognising the importance of education in the development of expertise (e.g. 
Alexander, 2005; Boshuizen, Bromme, & Gruber, 2004; Goldman, Petrosino, & CTGV, 
1999), Tynjälä (2008) developed a pedagogical model of expertise development. This 
‘Integrative Pedagogy Model’ specifies an ideal learning environment in which all 
the elements needed to develop expertise – theoretical knowledge, practical skills 
and self-regulation (reflective and metacognitive skills) – are present and integrated. 
Tynjälä gives a clear account of the knowledge components and learning processes 
that together constitute a suitable learning environment for the development of 
expertise, but little is said about the instructional principles which would enable 
researchers and educators to design and implement learning environments from 
this pedagogical perspective. 
In defining these instructional principles, the vast number of studies that 
investigate the features of professional expertise development in a variety of 
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professions (e.g. accounting, medicine and biology) are informative. More concretely, 
the educational and/or instructional implications formulated on the basis of their 
results offer valuable insights for the development of valid instructional principles. 
However, to date, no comprehensive overview of instructional principles to support 
expertise development is available. In 2005, Alexander elaborated instructional 
principles for teaching towards expertise. With this paper, we aim to go one step 
further by synthesising the fragmented educational implications formulated 
in expertise development research studies into 10 instructional principles for 
education. By adopting a systematic approach, and using Tynjälä’s model as an 
organising framework, this set of instructional principles offers teachers and 
instructional designers a comprehensive perspective for the design of learning 
environments aiming at creating the preconditions for expertise. In addition, it 
guides researchers in the domain of Learning and Instruction, addressing the 
contribution of learning environment characteristics for students’ development 
towards expertise.
2.2 ExpERtISE DEvELOpmENt RESEARch
While top performance in any field, ranging from chess to composing, 
represented the main interest in the expertise research during the 1970s and 1980s, 
expertise in professions has emerged as one of the most important areas of the 1990s 
(Tynjälä, Nuutinen, Eteläpelto, Kirjonen & Pirkko, 1997). Most studies focused on 
the development of professional expertise in terms of knowledge structures and the 
cognitive strategies used in domain-specific problem solving.
Development of professional expertise is described as a long and ongoing 
process, beginning with formal education and continuing throughout professional 
life, during which the different elements of knowledge, skills and attitudes are 
continually transformed qualitatively and quantitatively (Boshuizen et al., 2004), 
to support better domain-specific problem solving. In this respect, expertise 
development research approaches expertise from a relative perspective, indicating 
that people have less or more expertise, instead of focusing on top performance (Chi, 
2006). The literature on expertise development (e.g. Alexander, 2003; Boshuizen et. 
al, 1995; Dreyfus & Dreyfus, 1986) provides us with different models that describe the 
path from novice to expert and identify characteristics and development activities 
at each stage (Grenier & Kehrhahn, 2008). For example, the model of Boshuizen 
et al. (1995) has shown that in the course of the development of expertise the 
detailed theoretical concepts acquired by students will be replaced by concepts of 
a more general type that more or less summarise the detailed ones. This process of 
knowledge encapsulation is a result of repeated knowledge application in the context 
of practical experience (Tynjälä, 1999). Dreyfus and Dreyfus (1996) implied that by 
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passing through stages of qualitatively different perceptions of a task or problem, 
points of development towards expertise are achieved. 
Various authors (Chi, Glaser & Farr, 1988; Feltovich, Prietula & Ericsson, 2006; 
Tynjälä et al., 1997) outlined the following important characteristics of expertise: 
experts perceive large, meaningful patterns in their own domain; experts focus on 
relevant cues of the task; experts represent problems on a deeper level than novices; 
experts have better self-monitoring skills than novices; experts’ knowledge structures 
are hierarchically organised and have more depth in their conceptual levels than 
those of novices; experts categorise problems in their domain according to abstract, 
high-level principles; and experts’ knowledge structures are more coherent than 
those of novices. While the findings of expertise development research have been 
contributing to our insights in the gradual change in characteristics when a person 
passes through various stages towards expertise, little is known about the learning 
processes that lead to this change (Grenier & Kehrhahn, 2008). Identifying these 
learning processes is necessary ‘to understand how experts became that way so that 
others can learn to become more skilled and knowledgeable’ (Chi, 2006, p. 23). 
In recent decades, a large variety of instructional principles have been 
developed, implemented, and evaluated. These principles are partly derived from 
learning theories. An example of such is cooperative learning based on social-
constructivist learning theories (Loyens & Rikers, 2011). Instructional methods have 
also been developed in support of particular skills or competencies, such as project-
based learning, case-based learning and enquiry-based learning in support of the 
development problem-solving skills (Loyens & Rikers, 2011; Pedaste et al., 2015). 
Problem-based learning is an example of an instructional approach informed by 
expertise and expertise development research (Boshuizen, 2009; Norman & Schmidt, 
1992). However, Boshuizen (2009) and Norman & Schmidt (1992) have not explicitly 
drawn the connection between expertise and expertise development research and the 
Learning and Instruction domain. 
Tynjälä (2008), on the other hand, makes explicit use of the insights offered 
by expertise development research, bridging expertise development research with 
the field of Learning and Instruction. From the viewpoint of pedagogy, Tynjälä 
developed a model that incorporates three core learning processes to promote 
desired learning in terms of developing expertise. Problem solving plays a central 
role in Tynjälä’s ‘Integrative Pedagogy Model’ of expertise development (2008). The 
author does not distinguish specific stages, but argues that the various elements 
of expert knowledge and the learning processes underlying expertise development 
develop and unfold around problem solving (see Figure 1). Various other authors 
(e.g. Arts et al., 2006; Bereiter & Scardamalia, 1993) have also claimed that the key to 
expertise lies in an individual’s capability to solve problems. Expert professionals are 
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constantly solving problems and the ability to solve problems manifests the degree 
of expertise. The domain specificity of expertise is reflected in the type of problems 
being solved, such as diagnosing X-rays in radiology (Gunderman, Williamson, 
Fraley, & Steele, 2001), analysing legal cases (Nievelstein, van Gog, Boshuizen, & 
Prins, 2010) and approving financial statements (Bouwman, 1984). 
Expert knowledge is another key feature of professional expertise. Expert 
knowledge consists of three kinds of knowledge that are closely related to each other 
(Tynjälä, 2008). Conceptual/theoretical knowledge is universal, formal and explicit in 
nature and depends on conscious, conceptual thought processes supported by texts, 
figures, discussions or lectures (Heikkinen, Jokinen, & Tynjälä, 2012). Practical knowledge 
(often referred to as procedural knowledge) is manifested as skills or ‘knowing how’; 
this type of unarticulated knowledge is seldom taught in educational settings, but is 
usually gained through practical experience (Heiberg Engel, 2008). Knowledge based 
on practical experience is personal and often tacit, which makes it difficult to express 
explicitly (Tynjälä, 1999). This is not to say that people cannot acquire procedural 
knowledge in textual mode through handbooks or manuals or instructions for use. Self-
regulative knowledge, including metacognitive and reflective skills, is knowledge about 
learning strategies, and how to plan, monitor and evaluate one’s own learning and work.
Figure 1 Integrative Pedagogy Model (adapted from Tynjälä, 2008)
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The Integrative Pedagogy Model offers an account of how these three 
knowledge components are both products of expertise and contributors to its 
development. Tynjälä (2008) argued that integration of the three types of knowledge 
occurs during problem solving by means of three learning processes: transforming 
conceptual/theoretical knowledge into practical/experiential knowledge; explicating 
practical knowledge; and reflecting on both practical and conceptual knowledge by 
applying and developing self-regulative knowledge (see Figure 1).
Transforming theoretical knowledge into practical knowledge requires that 
theories are considered in the light of practical experience, that is, theoretical 
knowledge is applied in a practical context. Explicating practical knowledge into 
conceptual knowledge is the process of making practical knowledge accessible and 
explicit (in the form of texts, figures, discussions or lectures). The third learning 
process entails reflecting on conceptual and practical/experiential knowledge using 
self-regulative knowledge; self-regulative knowledge is developed further in the 
process. The latter process is a means for increasing awareness of effective learning 
strategies and developing an understanding of how these strategies may be used in 
other learning situations (Ertmer & Newby, 1996). 
The model’s premise is that ‘the processes that lead to expertise are intriguingly 
domain general in their view of developmental origins’ (Wellman, 2003, p. 247). 
However, expertise is definitely not domain general in terms of developmental 
outcomes and problem solving. Tynjälä’s (2008) Integrative Pedagogy Model reflects 
the essential role that integration of the three elements of expert knowledge plays in 
development of expertise. The arrows in the model represent the continuous, holistic 
character of expertise development. 
Although Tynjälä outlined the learning processes that should be fostered in a 
learning environment, there has been little work from an integrative pedagogical 
perspective on instructional principles for such a learning environment. Employing 
Tynjälä’s framework as an organising device, we have reviewed the literature to 
identify instructional principles to facilitate and support the learning processes 
underlying professional expertise development. Following McKenney, Nieveen, 
& van den Akker (2006), we define instructional principles as theoretically 
and empirically grounded constructs (substantive knowledge) linking strategy 
components (prescribing what to do, when and how) with intended pedagogic effects. 
2.3 REvIEW mEthOD 
This method builds on the updated integrative review method described by 
Whittemore and Knafl (2005). This revised method is a rigorous and widely used 
approach for summarising and analysing literature from diverse methodologies, thus 
providing a more comprehensive understanding of a phenomenon. This method 
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incorporates the following five phases: the formulation of inclusion and exclusion 
criteria (Slavin, 1986); problem identification; literature search; data evaluation; and 
data analysis, and presentation of the instructional principles (Fink, 2010). In this 
method section, the focus will be on the formulation of inclusion and exclusion 
criteria, the literature search, data evaluation, and data analysis. The problem 
identification is described in this paper’s introduction. The instructional principles 
will be presented in the Results section.
formulatIoN of crIterIa for INcluSIoN aNd excluSIoN
Three inclusion criteria were formulated. Firstly, the reported studies explicitly 
took a relative perspective on expertise development. Secondly, the reported studies 
explicitly describe one or more characteristics of the learning environment and link 
these with students’ learning towards expertise. Thirdly, specific studies carried 
out from a formal learning situation perspective pertained to this review, since this 
educational context was the focus of the study. Publications were removed from the 
selection that did not focus on developing expertise from a relative perspective. The 
reason is that the focus of this paper is on student acquisition of relative expertise 
in solving problems. Additionally, publications were excluded that solely addressed 
the description of one or more teaching strategies without examining the effect or 
influence on learning in terms of developing expertise.
lIterature Search Strategy aNd data evaluatIoN
An electronic database search was conducted using Educational Resources 
Information Centre (ERIC), PsychINFO and MEDLINE. The following terms were 
used in multiple combinations: ‘expertise’, ‘expertise development’, ‘instructional 
implications’, ‘educational implications’, ‘instructional principles’, ‘formal 
education’, ‘implications and education’, ‘implications and instruction’. Following 
Whittemore and Knafl (2005), relevant empirical as well as theoretical papers are 
included in the review.
The search resulted in a kick-off database of 1435 references (663, ERIC; 506, 
PsychINFO; 266, MEDLINE). These references were loaded in EndNoteX4; 1,061 
unique sources remained. The abstracts of these articles were reviewed for relevance 
and on the basis of the inclusion and exclusion criteria. After screening the abstracts, 
and where necessary screening the full text of the articles, this method resulted in a 
sample of 37 articles. 
data aNalySIS 
Appendix 1 displays the references’ publication type, methodological data and 
country of study. Of the 37 selected publications, 19 reported empirical studies, 
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while 18 articles were conceptual contributions. The articles were published in 
multidisciplinary domains (8), the domain of Medicine (7), Physics (2), Law (2), 
Geography (2), Radiology (2), Nursing (2), Geography (2) and Therapy (2). The other 
domains (e.g. Biology, Counselling, Statistics, Mathematics, Business, Special 
Education and Computer-Aided Design) were mentioned once. Seven of the 
reviewed publications were experimental or quasi-experimental studies, whereas six 
publications adopted a case study design, two publications a cross-sectional and a 
mixed method design and one publication a correlational and etnographical design. 
The majority of the empirical studies (10) used quantitative methods to analyse 
the effects of one or more characteristics of the learning environment on students’ 
performance in terms of expertise development. Seven publications used qualitative 
analyses and two publications combined a qualitative and quantitative method. With 
regard to the country of study, the majority of the studies was conducted in the USA 
(21) and Canada (4). The European countries of study include: the Netherlands (4), the 
UK (3), Spain (1), and Sweden (1). Three publications were selected from Australia (2) 
and New Zealand (1). 
The meaningful units of analysis are statements with regard to instructional 
strategies and their impact on student learning in terms of acquiring greater relative 
expertise. During the first step in the analysis, two researchers independently 
identified and collected meaningful units of analysis from three articles. These 
meaningful units of analysis were assigned to the relevant learning process of 
Tynjälä’s model. Where there were disagreements between the first and second 
author, they were resolved by reviewing the meaningful units of analysis and 
discussing these. 
In the second stage, the first author classified each meaningful unit of 
analysis to the relevant learning process of Tynjälä’s model for the remaining 34 
publications. Appendix 1 displays the total number of meaningful units of analysis 
per article assigned to the relevant learning process. A total of 153 statements, 
divided into 79 related to learning and 74 to teaching, were assigned to the learning 
process transforming conceptual/theoretical knowledge into practical/experiential 
knowledge; 34 statements, divided into 16 related to learning and 18 to teaching, 
were assigned to the learning process explicating practical knowledge into 
conceptual knowledge; and finally, 100 statements, divided in 51 related to teaching 
and 49 related to learning, were assigned to the learning process reflecting on both 
practical and conceptual knowledge by applying and developing self-regulative 
knowledge.
In the third stage, these statements were synthesised into an elementary form 
of an instructional principle, following the ideas of McKenney et al. (2006): If you 
want to design intervention X ( for the purpose/function Y in context Z), then you are best 
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advised to give that intervention the characteristics A, B, and C (substantive emphasis), and 
to do that via procedures K, L, and M (procedural emphasis), because of (theoretical/empirical) 
arguments P, Q, and R. For example: If you want to design intervention X (for the 
purpose of developing students towards a starting level of professional expertise), 
then help students in their epistemological understanding (substantive emphasis) by 
confronting students with the uncertainty and complexity of knowledge (procedural 
emphasis), as a consequence of which students do not think of the academic content 
in simple black or white, right or wrong terms (arguments). 
The preliminary set of instructional principles was discussed by the first and 
second author. Following van Ginkel, Gulikers, Biemans and Mulder (2015), these 
discussions focused on the following aspects for each principle of the set: (1) the 
extent to which the underlying theoretical and empirical argumentations were 
convincing; (2) the extent to which the principle was distinctive; (3) the extent to 
which a principle could be applied in practice in higher education; (4) the extent 
to which a principle met the qualification of readability. The principles on which 
no consensus was reached were presented to the fourth author. By use of these 
moderating meetings we arrived at a consensus. Following the agreement of all 
members of the research team, the last stage was launched. This final phase focused 
on the classification of the principles based on the learning processes of Tynjälä’s 
model. This resulted in the final set of instructional principles for fostering expertise 
development in higher education.
2.4 RESuLtS 
Our analysis of the literature uncovered 10 instructional principles. We have 
organised these 10 principles and accompanying procedures (in italics) according to 
the three learning processes presented in Figure 1. 
learNINg proceSS: traNSformINg theoretIcal/coNceptual kNowledge 
INto experIeNtIal/practIcal kNowledge
Principle 1: Support students in their epistemological understanding.
Hallam (2010) argues that concepts should be introduced early in formal 
education so that naïve conceptions and oversimplifications have little opportunity 
to develop and, with that, misunderstandings are prevented. Furthermore, 
educators should help students see the uncertainty and complexity of knowledge. As a 
consequence, students will not think of the academic content in simple black or 
white, right or wrong terms, but probe the depths of ideas to reveal the ‘greys’ of 
concepts (Alexander, 2005). Moreover, teachers should forcefully pursue students’ 
understanding and uncertainties by questioning their ideas and practices in the 
classroom rather than forcing them to simply memorise facts and procedures 
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(Botti, 2004; Alexander, 2005). Aforementioned activities and strategies should lead 
to students perceiving knowledge as complex and uncertain, as a result of which 
they are likely to process information on a deeper level (Schraw, 2006), reason more 
effectively (Hallam, 2010), and develop better problem solving and critical thinking 
(Alexander, 2005). 
Principle 2: Provide students with opportunities to differentiate between and among 
concepts.
Nievelstein et al. (2010) find that novices may learn very little from solving 
cases with the aid of external sources, in this case civil code; their performance does 
not seem to improve as a result of being allowed to use the civil code compared to 
not having an information source available at all. A reason why students may have 
problems is that the meaning of legal concepts varies according to the context 
(Nievelstein et al., 2010), which makes it difficult to build a well-organised conceptual 
knowledge structure. Students’ lack of conceptual knowledge influences not only 
their interpretation of the case, but also their ability to use the civil code effectively. 
This is not only the case for law. For example, Postigo and Pozo (2004) find that 
novices have serious difficulties in processing information represented implicitly by 
means of the rules and codes characterising geographical maps as cultural systems 
of representation. Moreover, novices find it difficult to extract the conceptual 
knowledge that can be derived from the map as a geographical representation. 
Consequently, various authors (e.g. Anderson & Leinhardt, 2002; Brookes, Ross, & 
Mestre, 2011) suggest providing repeated encounters with the concept/principle in several 
different contexts, and, as Nievelstein et al. (2010) add, annotating concept definitions 
in different cases and requiring students to make comparisons between the meaning of the 
concepts in cases (see also Alacaci, 2004). These strategies should help students to see 
contrasts in the application of concepts in different contexts. 
Successful enculturation into the community of a domain/profession leads 
participants to relinquish everyday versions of speech activities that have to do with 
external sources (e.g. law books, geographical maps or profit and loss accounts), and 
to replace them with discipline embedded special versions of the same activities 
(Lebeau, 1998). Therefore, Anderson & Leinhardt (2002) and Lebeau (1998) similarly 
argue that situations need to be created for students to expose the knowledge and 
reasoning embodied in the tools of their profession (e.g. civil code, maps and profit and loss 
accounts) as students engage in, or reflect upon, the tools. These experiences should 
expose the tools’ implicit and explicit (Anderson & Leinhardt, 2002; Lebeau, 1998), 
and conceptual meanings (Postigo and Pozo, 2004), helping students unpack the 
language common to the tools and making it more likely that they will be able to 
successfully engage in problem solving. 
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Principle 3: Practice with a variety of problems to enable students to experience complexity 
and ambiguity.
When students are confronted with a broad, appropriate set of problems 
and challenged as to how these problems might be differentiated, it is likely that 
schemata will be formed (e.g. Coderre, Mandin, Harasym, & Fick, 2003; Gobet, 2005; 
Schmidt et al., 1990; Taylor, 2007). Schemata (experience-based knowledge structures) 
explain how humans understand real-world events and why this understanding in 
most cases occurs almost effortlessly (Schraw, 2006). As schemata arise from repeated 
experiences, it is not surprising that novices do not have rich schemata. This 
difference is potentially important for improving instruction. Working with a variety 
of problems will help students to recognise new problems as similar or identical to 
old ones already solved. This so-called pattern recognition enables individuals to 
perform tasks efficiently. 
Others scholars focus more on the problem characteristics, resulting in providing 
students with both typical and atypical problems (e.g. Cannon-Bowers & Bell, 1997; 
Kulatunga-Moruzi, Brooks, & Norman, 2011). Arts et al. (2006) add that the accuracy 
of problem diagnoses and problem solutions (quality in expertise development) 
accelerates as a result of solving atypical, non-routine problems in different contexts. 
Blasi (1995) and Cannon-Bowers & Bell (1997) argue that the problems should 
resemble as closely as possible the complexities, nuances and ambiguities of situations that 
arise in practice, including the ever-present background noise of only potentially 
relevant details. This strategy has been proven to produce successful outcomes of 
enhanced decision making among students (Patel, Gutnik, Karlin, & Pusci, 2008). 
Yet, caution is of the essence when confronting students with complexity, 
which is precisely why several authors (e.g. Alacaci, 2004; Alexander & Jetton, 2000; 
Botti & Reeve, 2003; Brookes et al., 2011; Gick, 1986) propose to gradually increase 
the complexity when using problems/cases/representations. Starting any sequence 
of problems, cases or representations with the most regular, simple forms available 
and minimising contextual features that could potentially confuse or distract the 
students, will enable students to ‘get their eye in’ (Gilbert, as cited by Halverson, 
Pires, & Abell, 2011, p. 816). 
Principle 4: Enable students to understand how particular concepts are connected.
Expert knowledge is not an accumulation of basic facts, it is organised around 
‘big ideas’ (e.g. principles and laws). Building a coherent knowledge structure 
takes time and during the early phases of professional expertise development, the 
instructor’s role should not be underestimated. Both Alexander & Jetton (2000) and 
Smith (2008) stress that guidance (e.g. guided reading; scaffolding) is important 
and educators should make sure that the problem of limited knowledge is due to 
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inaccessible knowledge or absence of knowledge and not an issue of preconceptions 
and prejudice. 
To develop coherent and principled knowledge, Alacaci (2004), Alexander 
(2005), Gunderman et al. (2001), and Smith (2008) suggest making the connections 
explicit between concepts and providing a framework for novices, by focusing on 
higher-order concepts/big ideas, so that it facilitates retention and retrieval of learned 
content (Alexander & Jetton, 2000; Heller., Reif & Hungate, 1983;). Additionally, 
Wilkerson-Jerde & Wilensky (2011) propose to provide students with experiences and 
opportunities to identify or isolate specific subcomponents of a concept (deconstruction). 
Those deconstructions, along with examples and definitions and even everyday 
understandings, can be brought together to not only underpin, but serve a generative 
role in, the testing and generalisation of conceptual relationships (coordination). 
Such procedures might lead novices to organise information into meaningful 
patterns, which tend to highlight features and suggest diagnoses that they normally 
fail to perceive (Gunderman et al., 2001; Heller et al., 1983). 
Principle 5: Target for relevance. 
Alexander (2005) argues that for newcomers in a domain, the academic content 
may have no link to their background knowledge, goals or interests. This may lead 
to knowledge that has been memorised, but that cannot be used constructively 
when it comes to solving problems (Gunderman et al., 2001). Various authors, each 
in their own specific way, suggest linking learner and domain through curricular 
experience in order to foster a sense of relevance or applicability (e.g. Alexander, 
2003; Arts et al., 2006; Gunderman et al., 2001). Additionally, this rooted relevance, in 
which learner and domain are linked through curricular experiences, captures and 
maintains students’ interest without distorting or trivializing the domain (Alexander, 
Sperl, Buehl, Fives & Chiu, 2004). Motivational factors such as interest are crucially 
important in the development of expertise because of the considerable investment of 
time and effort that is required (Hallam, 2010). 
Schmidt & Boshuizen (1993) argue that repeatedly applying knowledge to real 
cases is a necessary condition for organising concepts and their interrelations 
in the structure of higher order concepts resembling an expert-like knowledge 
structure. Scholars stress the importance of authenticity in this respect. Various 
authors (Alexander et al., 2004; Schmidt & Boshuizen, 1993) suggest providing 
learners with opportunities for explicit exploration and participation in more professional 
activities, as it may help to direct and influence their professional interest in the 
field. In a similar vein, Arts et al. (2006) and O’Byrne, Clark, & Malakuti (1997) 
suggest focusing on enhancing the quality of experience by sending more students to 
practise in a professional environment, or by bringing more ‘practice’ into education 
42
by enhancing the authenticity of assignments and the learning environment. 
Furthermore, they claim that education needs to implement strategies by which 
students engage in similar cognitive activities (e.g. selection of relevant cues and 
evaluation of contextual information) as required in the workplace. These latter two 
strategies will foster the development of what they call ‘dynamical’ knowledge 
(applicability of theoretical knowledge into the professional context), which is crucial 
for accurate problem solving. 
According to this principle, therefore, education needs to be rooted in practice 
in such a way that students are challenged to embed new knowledge in everyday practice, 
supported by people who understand the domain, the relevance of scientific 
knowledge for the domain, and who value the importance of learning as a continual 
process (Alexander, 2005; Jensen, Gwyer, Shepard & Hack 2000).
learNINg proceSS: explIcatINg procedural/experIeNtIal kNowledge 
INto coNceptual/theoretIcal kNowledge
Principle 6: Share inexpressible knowledge. 
Converting procedural knowledge into conceptual knowledge means finding 
a way to express the inexpressible. Opportunities to ensure dialogue with peers 
about practice (King, 2009), modelling and coaching (Cannon-Bowers & Bell, 1997; 
Heller et al., 1983) are likely to be straightforward strategies to share and express this 
inexpressible knowledge. Various authors (Alexander, 2005; Ertmer & Stepich 1999; 
King, 2009; Lebeau, 1998) propose to initiate small group discussions, which help widen 
students’ perspectives on cases/problems and facilitate a higher level of performance 
than one might accomplish alone. Alacaci (2004) suggests that instructors ‘think aloud’ 
to make the decision-making process of instructors visible (and audible). Moreover, 
it helps students to see that coming up with a solution is not magic, but builds on 
an existing knowledge grid that they can learn to mimic as they make their own 
decisions in similar situations. 
Nilsson & Pilhammar (2009) stress the importance of the voices of both expert 
and novice. They encouraged the persons they interviewed (experts and novices) to 
use their own words and concepts when describing self-chosen incidents. This way 
of ‘thinking aloud’ creates an understanding of how seniors and juniors differ in 
their use of knowledge in professional situations. This is crucial to understanding 
how professional experience is constituted and gives the senior insights into 
the struggles of early learners. Additionally, elucidating the knowledge used in 
professional situations by both juniors and seniors could be helpful in ensuring 
that the knowledge conveyed in theoretical classes corresponds to the knowledge 
required in professional situations. 
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Principle 7: Pay explicit attention to prior knowledge. 
If the quality of students’ prior knowledge is insufficient or inaccurate, students 
will try to make sense of cases in ways that do not align with scientific (expert-
like) explanations (Halverson et al., 2011; Sherin, 2001). Furthermore, an individual 
may have a wide range of strategies for developing understanding and supporting 
learning, for instance, rehearsal, summarising, elaboration, organisation, repetition. 
However, these will be of limited use unless the individual has sufficient and 
accurate prior knowledge in the domain to apply them (Hallam, 2010). Therefore, 
educators should pay explicit attention to all prior knowledge of students; in such a 
way that instruction targets both students’ expected and unexpected alternative 
ideas (misconceptions). Depending on the domain, instructors should not only 
limit themselves to students’ prior knowledge in their own domain, but also take 
into account the prior knowledge students bring in from adjacent domains (e.g. 
mathematics in the case of physics). 
Once it is clear that there are misconceptions inhibiting students’ 
understanding, educators must be able to recognise and understand the problems 
to be addressed. ‘Just telling them’ is not the way to repair misconceptions. To 
overcome misconceptions, Halverson et al. (2011) suggest presenting new concepts 
or theories in such a way that students see them as plausible, intelligible and simple. 
Sherin (2001) suggests using analogies, by presenting a series of intermediate similar 
or analogous examples and linking these to the new, to be learned concept. 
learNINg proceSS: reflectINg oN Both practIcal aNd coNceptual 
kNowledge By uSINg Self-regulatIve kNowledge
Principle 8: Supporting students in strengthening their problem-solving strategies.
Instructors should communicate the great value of qualitative processes during 
problem solving. Consequently, the knowledge about when to perform procedures 
is important and must be made explicit along with knowledge of how to perform 
them (Heller et al., 1983). Various authors (e.g. Cannon-Bowers & Bell, 1997; Heller 
et al., 1983; Nilsson & Pilhammar, 2009; Smith, 2008) indicate that modelling is an 
important strategy to strengthen students’ problem-solving abilities. Modelling 
makes the expertise trajectory clear by showing what the end goal of ‘expertise’ 
looks like (King, 2009), and presents a desired behaviour or process of how to get 
there which can be imitated by the student (Alacaci, 2004; Jensen et al., 2000). Patel 
et al. (2008) found that if inexperienced nurses and nursing school students are 
required to spend considerable amounts of time shadowing experienced nurses, 
they will reiterate skills they have acquired and learn new ones through modelling. 
Yet, modelling does not necessarily have to be in person. ‘Worked examples’ are 
problems with their solutions already worked out by experts. By comparing ‘worked 
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examples’ students acquire insights into the abstraction of a problem schema (i.e., 
generalisation) (Gick, 1986). 
The second strategy for strengthening problem-solving strategies, guided 
practice or coaching, aims to oversee the students’ performance and intervene when 
the individual is performing less than optimally. Depending on the students’ success 
or failure, they can be encouraged to personalise or modify their strategies and to 
transfer them to other problems and contexts (e.g. Alexander, 2005; Arts et al., 2006; 
Cannon-Bowers & Bell, 1997; Heller et al., 1983; King, 2009; O’Byrne et al., 1997; Taylor, 
2007; ). Ertmer & Stepich (1999) found that students, on an irregular basis, show expert 
characteristics when solving problems. This ‘coached expertise’, as they called it, had a 
strong relationship with the intensity and type of instructors’ coaching. 
Principle 9: Evoke reflection.
Through reflection, tacit knowledge can become explicit. In order to evoke 
reflection, both Heller et al. (1983) and Nilsson & Pilhammar (2009) argue that 
students should be encouraged to generate solution processes themselves and think 
about differences between experts’ and their own thought processes. This means 
that students should solve a problem aloud, then examine or observe a model 
solution of the same problem. Finally, students should discuss the differences 
between their own and the model’s procedures, which will help them to reflect 
and to explicate what they know or do and do not know or not do. Repeated 
activities of this type should help to develop students’ explicit awareness of the 
processes involved in describing and solving problems (Heller et al., 1983; Nilsson & 
Pilhammar, 2009). 
Various authors (e.g. Arts et al., 2006; Gobet, 2005; Taylor, 2007; Yielder, 2004) 
state that clear feedback on performance stimulates reflection. In turn, reflection 
can lead to performance improvement (e.g. problem solving). Without reflecting 
on performance, one cannot easily refine, improve or accelerate expertise; lack of 
critical enquiry leads to ‘false expertise’ (Kirsner, as cited in Yielder, 2004, p. 65). 
Importantly, to be effective, feedback has to be immediate (King, 2009) and formative 
(Hallam, 2010), that is, learners are given feedback about the quality of their work and 
what they can do to make it better; are given advice about how to go about making 
improvements; and are fully involved in deciding what needs to be done next, and 
who can give them help if they need it. Another essential aspect of the experience 
required to develop expertise is to not only reflect on feedback about performance, 
but also to reflect on the self and interactions with others (King, 2009). King argues 
that reflection can be facilitated by models and by self-feedback strategies such 
as guided self-reflection, journal writing and other informal techniques in which 
thoughts, goals and intentions are put into writing. 
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Principle 10: Facilitating the development of metacognitive knowledge (learning strategies) 
and skills (self-monitoring, planning and evaluation).
Alexander et al. (2004) and Arts et al. (2006) underline that those who guide 
others on the journey toward expertise need to give explicit attention to the 
development of strategies relevant to learning. Alexander (2003, 2005) and Gick 
(1986) suggest that students explicitly need to be taught to be strategic in a domain. This 
teaching should focus on three types of metacognitive knowledge: (1) declarative 
(what a strategy is); (2) procedural (how it generally works); and (3) conditional (under 
what situations it would be useful) (Alexander, 2005). Chester (2007) adds that prior 
experience and instruction, with its emphasis on the acquisition of procedural 
knowledge through the application of a behaviourist, didactic approach to teaching, 
had an obstructive effect on the process of learning strategies. Results show an 
improvement in the use of strategic knowledge when changing the manner of 
initial instruction away from the behaviourist, didactic methods towards a cognitive 
apprenticeship model that incorporates modelling of problem solving heuristics, 
collaborative problem solving and sketching. Students also need to develop 
metacognitive regulation, consisting of three skills: self-monitoring, planning 
and evaluating. Students should witness the inherent value of self-monitoring, that is, 
instructors should show the benefits of devoting time upfront to analysing the 
problem and planning a solution strategy (Alexander, 2005). Furthermore, instructors 
should ‘think aloud’, explicating their tacit processes (e.g. during decision making), so 
that students can hear effective ways of using metacognitive knowledge and skills, 
giving students ideas how to plan, monitor and evaluate their learning (Alacaci, 
2004; Patel et al., 2008). In addition, novices must have possibilities to plan, monitor 
and evaluate their own work, using tools/instruments such as visual prompts (tangible 
reminders) and checklists (Alexander, 2005). Finally, as there is evidence that self-
regulatory skills acquired in one domain to some extent transfer to other domains, 
students’ metacognition can be fostered by highlighting similarities across domains and 
in this way encouraging students to use metacognitive skills across the curriculum (Schraw, 
2006). 
2.5 cONcLuSION AND DIScuSSION
To meet the goal of programmes in higher education, that is, developing 
students towards a starting level of professional expertise, instruction should be 
designed in a manner consistent with the findings on expertise research (Niemi, 
1997). Our synthesis of the literature revealed 10 principles supporting the process 
of learning from a professional expertise development perspective, which we have 
organised by means of the Integrative Pedagogy Model. We present these principles 
as an answer to the calls by various authors to come up with design instructions for 
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teaching towards expertise (e.g. Hatano & Oura, 2003; Kinchin et al., 2008; Penttinen, 
Skaniakos, & Lairio, 2013). The principles provide a framework beneath which 
teachers from different backgrounds and disciplines can work together to plan, 
develop and provide coherent learning experiences for students. 
Earlier contributions to the literature on professional expertise were mainly 
concerned with defining (levels of ) expertise (e.g. Kinchin et al., 2008) and when they 
dwelt on instructional principles, the identified implications for education were not 
presented in a comprehensive way building on a pedagogical model (e.g. Alexander, 
2005). Using Tynjälä’s model, we are able to argue that the 10 principles uncovered 
represent a consistent, coherent and encompassing approach to teaching towards 
expertise. 
We have identified 10 distinct, yet related, instructional principles to support 
expertise development during the course of formal education. The 10 principles 
refer to the three core learning processes for expertise development, as described by 
Tynjälä (2008) (see Table 1). With respect to the first learning process, transforming 
theoretical/conceptual knowledge into experiential/practical knowledge, the five 
instructional principles all refer to the importance of giving students access to 
a variety of experiences combined with instructional strategies to make explicit 
what is learned from these experiences. The two instructional principles related 
to the second learning process, explicating procedural/experiential knowledge 
into conceptual/theoretical knowledge, have in common the focus on the explicit 
elicitation of knowledge through dialogue, discussion and so on. Finally, the 
instructional principles supporting the learning process of reflection on both 
practical and conceptual knowledge address the effectiveness of strategies such as 
modelling and coaching if students develop and use appropriate learning strategies 
as well as the metacognitive skills of self-monitoring, planning and evaluation. With 
respect to the latter cluster of principles that refer to the third core learning process, 
reflection as a mode of self-evaluation is explicitly discerned as a valid instructional 
principle.
These instructional principles may guide, but do not guarantee, better learning. 
The true test of the instructional principles is to validate them using intervention 
studies, giving insights into the usefulness (to what extent the principles give 
meaning to instructors’ own practice), effectiveness (ability of the instructional 
principles to achieve their proposed goals) and efficiency (achieving its proposed 
goal with the least resources possible). Additionally, more research is needed 
on the question of whether there is a ranking in importance of the principles, 
possibly also in relation to different phases of learning. The question remains if 
the usefulness and effectiveness of the principles differ depending on the phase 
of expertise development of the student and, partly related, the stage of higher 
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education. Moreover, the principles can be used as a framework for the development 
of classroom learning environments aiming to foster expertise development. In 
addition, they can be used as guidelines for the evaluation of the effects of learning 
environments implementing instructional approaches that are argued to be 
supportive of expertise development (for example, problem-based learning, project-
based learning or case-based learning) (e.g. Boshuizen, 2009; Tynjälä, 2008). 
Conducting triangulation of methods, by using in-depth interviews, focus 
group discussion sessions, and large-scale surveys, will facilitate elaboration on the 
following questions: To what extent do the instructional principles line up with 
teachers’ experience? To what extent are the principles followed in educational 
practice? How to develop and validate an instrument that assesses the degree to 
Instructional principles Learning processes
Transforming theoretical/conceptual knowledge into 
experiential/practical knowledge
Support students in their epistemological 
understanding
Provide students with opportunities to differentiate 
between and among concepts
 
Practice with a variety of problems to enable students 
to experience complexity and ambiguity
 
Enable students to understand how particular 
concepts are connected
 
Target for relevance  
Explicating procedural/experiential knowledge into 
conceptual/theoretical knowledge
Share inexpressible knowledge
Pay explicit attention to prior knowledge  
Refecting on both practical and conceptual knowledge 
by using self-regulative knowledge
Supporting students in strengthening their problem-
solving strategies
Evoke refection  
Facilitating the development of metacognitive 
knowledge (learning strategies) and skills (self-
monitoring, planning and evaluation)
Table 1 Instructional principles and learning processes fostering professional expertise development
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which the learning environment in a particular classroom is consistent with known 
principles for promoting the development of professional expertise? What are the 
perceived relationships between the instructional principles and learning outcomes? 
These questions are important as the next focus of follow-up research to this study.
The aim of this research was to derive instructional principles to promote 
learning environments that direct learning toward expertise. Alongside the 
importance of these instructional principles, the literature conveys the need to 
take other aspects of the learning environment into account, aspects that are more 
difficult to capture in such principles. First, the quality of the guide (e.g. instructor, 
teacher, coach, senior employee) is of great importance on the journey to expertise 
(e.g. Alexander, 2005; Arts et al., 2006). Research by Anderson & Leinhardt (2002, 
p. 316) was illustrative; ‘the requests for better classroom instruction have largely 
failed, as many teachers lack a formal background in geography and training to teach 
geography’ (p. 316). In addition, Alexander (2005) stated: ‘Teachers’ subject matter 
knowledge must extend beyond general pedagogical techniques into the knowledge 
and strategies that reflect an understanding of the target domain’ (p. 36). 
Second, various authors (e.g. Gobet, 2001; Gunderman et al., 2001; Heiberg 
Engel, 2003; King, 2009) indicate that time may play a pivotal role in fostering the 
advancement toward expertise. For instance, Alexander (2005) and Gunderman et 
al. (2001) criticised the ‘one inch deep, one mile wide’ curricula, representing the 
tendency to touch briefly on concepts or processes rather than devote any substantial 
classroom time to the explication and practice of that content. Other authors 
stressed the role of time during the professional phase, which should result in better 
and wiser professionals (Jensen et al., 2000); or, as Heiberg Engel (2003) suggested, 
time is needed to fully attain the requisite competencies of an expert. Future 
research should take into account aspects such as time, school curriculum overload 
and students’ perceived workload in relation to promoting expertise. 
Third, various authors (e.g. Alexander et al., 2004; Ericsson, 1996; Hallam, 2010) 
emphasise that expertise cannot be fully understood if disconnected from factors 
such as personal interest. Ericsson (1996) claims that individuals who exhibit the 
highest levels of expertise show an almost obsessive interest in the domain from a 
very early age. Although we recognise the importance of interest for the development 
towards expertise, no instruction principle has explicitly been formulated for 
interest in this paper. A reason is that while statements in the articles were focused 
on why interest is important for learning, explicit instruction strategies were barely 
mentioned. For future research, this suggests the importance of cross-fertilization 
between interest research and expertise development research, aiming to understand 
the role of various motivational variables in the development of expertise during 
education and especially its implications for instruction. 
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Lastly, the fact that only 37 articles out of a body of 1,061 articles related to 
expertise development were eligible for the present review, underlines that expertise 
development research so far has resulted in few instructional implications, as also 
observed by Chi (2011) and Patel, Arocha, & Kaufman (1999). Chi (2011) states that 
we still lack sufficient insight into how relative expertise can be taught, or how we 
can accelerate the acquisition of relative expertise. This paper fills this gap of how 
relative expertise can be taught by synthesising data from previous studies with the 
aim of formulating a comprehensive set of instructional principles, consisting of 
the instructional principles’ characteristics, its effects on students’ learning in terms 
of fostering expertise and the authors’ arguments used. As mentioned above, future 
research should focus on the question of whether these instructional principles 
accelerate the acquisition of relative expertise. 
This integrative review has some limitations. Firstly, concerning the 
representativeness of the studies: the reviewed studies revealed a profile consisting of 
more quantitative than qualitative studies; studies were more frequently conducted 
in western than in non-western countries; and with a bias towards medicine-like 
domains. Secondly, not all constructed instructional principles are equally based 
on arguments supported by empirical data: 7 out of the 19 studies used to construct 
Principle 3 were empirical; in relation to the development of Principle 1, only one 
empirical study was used. Besides these described limitations related to the reviewed 
publications, one primary limitation concerning this review study is the complexity 
of combining diverse methodological approaches (quantitative and qualitative). This 
might contribute to lack of rigor and inaccuracies in the results.
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3.1 INtRODuctION
Assessing the quality of learning environments has a long tradition in 
pedagogical science and many surveys and questionnaires for doing so have been 
developed. Most of these instruments were developed to fit existing theories about 
factors which predict achievement and to investigate which factors in the learning 
environment predict educational outcomes. Parallel to the research on learning 
environments, cognitive psychologists have been investigating the transition from 
novice to expert, including suggestions on how to organise learning environments to 
foster the development of professional expertise. Although student development is 
considered in both strands of research, insights from research on the development of 
professional expertise have not yet been systematically implemented in instruments 
used for evaluating the quality of learning environments. This study was intended 
to bridge the gap between these domains by developing and validating a Supportive 
Learning Environment for Expertise Development Questionnaire (SLEED-Q). 
The introduction of a National Curriculum in the Netherlands was intended 
to ensure that secondary education1 (15–18 years) focused more on skills, particularly 
domain-specific problem solving skills, instead of solely on the acquisition of 
conceptual knowledge (Bolhuis, 1996). Problem solving has long been the focus of 
research into development of professional expertise. In the fields of professional 
expertise (Boshuizen et al. 2004) and academic domain learning (Alexander, 2003) 
it is generally acknowledged that experts outperform novices in problem solving. 
This is due to experts’ (1) well-organised knowledge, (2) thorough problem analysis 
and problem representation (3) and strong self-monitoring abilities (Chi et al., 
1988). The journey from novice to expert begins in the upper grades of secondary 
school and continues through higher education (formal education) into professional 
life (workplace). This developmental process can be characterised as a process of 
continually transforming a repertoire of knowledge, attitudes and skills to improve 
problem solving in a particular domain according to expertise standards (Boshuizen 
et al., 2004). 
The knowledge taught in upper grades of secondary education and higher 
education can be characterised as largely decontextualised and formalised academic 
knowledge which is expressed in, for example, theories, domain principles, equations 
and graphs. In industrial and post-industrial societies the formalised knowledge 
embodied in traditional academic domains such as history, science, mathematics, 
1  Dutch secondary education has four types of secondary education which are hierarchically ordered. In 
descending order, they are pre-university education, senior general higher education, pre-vocational 
secondary education and practical training. This paper focuses on pre-university education and senior 
general higher education. 
66
and economics serves as the backbone of formal education (Alexander, 2005). The 
introduction of the National Curriculum and the corresponding emphasis on 
problem-solving skills as well as formalised knowledge has introduced elements 
of expertise development into the upper grades of secondary education in The 
Netherlands. 
This paper focuses on the very early phases in the development of professional 
expertise (i.e. on development of expertise during the upper grades of secondary 
education). Although secondary education serves several different purposes and 
is not always included in studies of expertise development, it is a recognised goal 
of secondary school programs to help students to take their first steps towards 
becoming experts (Alexander, 2005; Bereiter & Scardamelia, 1986; Goldman et al., 
1999). The goal of secondary school learning environments is not to make experts 
of secondary school students but to help students develop the types of knowledge 
representations, ways of thinking, and social practices that define successful learning 
in specific domains (Goldman et al., 1999; Hatano & Oura, 2003) and thus lay the 
foundations for development of expertise, or as Tynjälä et al., (1997, p. 479) argued: 
‘Education as an institution and educational practices have an important role in 
creating (or inhibiting) the preconditions for expertise.’
Recognising the importance of education in the development of expertise 
(e.g. Alexander, 2005; Boshuizen et al., 2004; Goldman et al., 1999), Tynjälä (2008) 
developed a pedagogical model of development of expertise. This Integrative 
Pedagogy Model assumes that an ideal learning environment is one in which all the 
elements of being an expert – theoretical knowledge, practical skills, self-regulation 
(reflective and metacognitive skills) – are present and integrated. Tynjälä gives a 
clear account of the knowledge components and learning processes that together 
constitute a suitable learning environment for development of expertise, but little 
is known about the instructional principles which would enable researchers and 
educators to design and implement learning environments from this pedagogical 
perspective.
Several studies (e.g. Arts et al., 2002; Nievelstein et al., 2011) have provided 
evidence that development of professional expertise is a malleable process that is 
responsive to well-conceived, skilfully implemented interventions. These authors 
discussed educational and instructional implications which foster students’ 
development in professional expertise. Although an understanding of these 
implications would have significant pedagogical value, relevant data are scattered 
throughout the literature and have not yet been brought together in a systematic 
manner; as a consequence, they are still underexploited in educational practice and 
research. Following a review of the literature Elvira et al. (2016) have presented ten 
instructional principles for the creation of a classroom environment which will 
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promote expert-like behaviour in diagnostic domains (e.g. business, geography 
and biology), based on an integrative pedagogical perspective. The question of the 
extent to which instruction in classrooms is based on insights from research on 
development of professional expertise remains unanswered. 
This paper reports the development and validation of an instrument that 
assesses the degree to which the classroom learning environment is consistent 
with known principles for promoting development of professional expertise in 
diagnostic domains. Many instruments for the evaluation of learning environments 
have their roots in psychosocial or learning sciences. By using Tynjälä’s Integrative 
Pedagogy Model as a starting point, we choose for a pedagogical perspective on 
learning environments grounded in professional expertise development research. The 
presentation of this classroom learning environment evaluation instrument is divided 
into six parts; following this introduction the second section focuses on development 
of professional expertise and the third section looks at research on classroom learning 
environments. The design of our research instrument is explained in the fourth 
section, the results of a validation study are presented in the fifth section and the final 
section presents a conclusion based on discussion of the instrument.
3.2 ExpERtISE DEvELOpmENt RESEARch
Within the domain of cognitive psychology, substantial effort has been devoted 
to defining the distinguishing characteristics of experts. ‘While top performance in 
any field, ranging from chess to composing, represented the main research interest in 
the 1970s and 1980s, expertise in professions has emerged as one of the most important 
areas in this decade the 1990s’ (Tynjälä et al. 1997, p. 477). Based on cross-sectional 
studies of professional expertise which mostly focused on knowledge structures and 
the cognitive strategies used in domain-specific problem solving, Tynjälä et al. (1997, p. 
477) summarised the characteristics of professional experts as follows: experts perceive 
large, meaningful patterns in their own domain; experts focus on relevant cues of the 
task; experts represent problems on a deeper level than novices; experts have better 
self-monitoring skills than novices; experts’ knowledge structures are hierarchically 
organised and have more depth in their conceptual levels than those of novices; experts 
categorise problems in their domain according to abstract, high-level principles; and 
experts’ knowledge structures are more coherent than those of novices (Chi et al., 
1988; Ericsson & Lehman, 1996; Ericsson & Smith, 1991; Eteläpelto, 1994; Saariluoma, 
1995 cited by Tynjälä et al., 1997). Experts are not created overnight. Development of 
expertise is a long and ongoing process, beginning in formal education and continuing 
throughout professional life, during which the different elements of knowledge, skills 
and attitudes are continually transformed qualitatively and quantitatively, from the 
beginning of students’ formal education throughout their professional life (Boshuizen 
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et al., 2004), to support better domain-specific problem solving. 
Expertise, as we use the term here, is relative. This perspective on expertise 
assumes that there are several stages of proficiency between novicehood and expertise 
(Chi, 2006). The literature on expertise development (e.g. Alexander, 2003; Dreyfus & 
Dreyfus, 1986; Schmidt et al., 1990) provides us with models that describe the path to 
expertise. This journey involves numerous transitions within and between stages of 
expertise (Alexander, 2003; Schmidt et al., 1990). Stage theories imply a developmental 
continuum from novice to expert and identify characteristics and development 
activities at each stage (Grenier & Kehrhahn, 2008). In this paper, we focus on the early 
stages of expertise development, namely, the novice phase, which starts in secondary 
education, when the foundations for expertise could be laid. 
Tynjälä (2008) developed a pedagogical model in which learning towards 
expertise, in terms of getting better in problem-solving, plays a central role. This 
pedagogical model integrates the various elements of expert knowledge and learning 
processes underlying expertise development that unfold around problem solving (see 
figure 1). Problem solving plays a central role in Tynjälä’s (2008) Integrative Pedagogy 
Model. Various authors (e.g. Arts et al., 2006; Boshuizen et al., 2004; Herling, 2000) 
have claimed that the key to expertise lies in an individual’s propensity for solving 
problems. Expert professionals are constantly solving problems and the ability to 
solve problems manifests the degree of expertise. The domain-specificity of expertise 
is reflected in problem-solving ability, such as diagnosing a X-rays photograph in 
radiology (Gunderman et al., 2001), analysing legal cases (Nievelstein et al., 2010), 
approving financial statements (Bouwman, 1984) and choosing appropriate statistical 
techniques in applied research (Alacaci, 2004). 
Expert knowledge, another key feature of professional expertise, consists 
of three kinds of knowledge that are tightly integrated with each other (Tynjälä, 
2008). Conceptual/theoretical knowledge is universal, formal and explicit in nature 
and depends on conscious, conceptual thought processes (Heikkinen et al., 2012) 
supported by texts, figures, discussions, or lectures. The second constituent of 
expertise, practical knowledge, is manifested as skills or ‘knowing how’, and is 
seldom taught in university settings; it is usually gained through practical experience 
(Engel 2008). Knowledge based on practical experience is personal, tacit and similar 
to intuitions in that it is difficult to be expressed explicitly (Tynjälä, 1999). The third 
type of knowledge is related to self-regulation; self-regulative knowledge, including 
metacognitive and reflective skills, is knowledge about self-regulated learning 
strategies, and how to plan, monitor and evaluate one’s own learning and work. 
The Integrative Pedagogy Model offers an account of how these three knowledge 
components are both products of expertise and contributors to its development. 
Tynjälä (2008) argued that integration of the three types of knowledge occurs 
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during problem solving through the following learning processes: transforming 
conceptual /theoretical knowledge into practical/experiential knowledge, explicating 
practical knowledge and reflecting on both practical and conceptual knowledge by 
applying and developing self-regulative knowledge (see Figure 1).
Transforming theoretical knowledge into practical knowledge requires 
that theories are considered in the light of practical experience (i.e. theoretical 
knowledge is applied in a practical context). Explicating practical knowledge into 
conceptual knowledge is the process of making practical knowledge accessible and 
explicit (in the form of texts, figures, discussions or lectures). The third learning 
process is reflecting on conceptual and practical/experiential knowledge using 
self-regulative knowledge; self-regulative knowledge is developed further in the 
process. This process enables students to make practical knowledge explicit and 
analyse both theoretical and practical or experiential knowledge (Tynjälä, 2008); it 
is a means of increasing awareness of effective learning strategies and developing 
an understanding of how these strategies can be used in other learning situations 
(Ertmer & Newby, 1996). The model’s premise is that ‘the processes that lead to 
expertise are intriguingly domain general in their view of developmental origins’ 
(Wellman, 2003, p. 247) but expertise is definitely not domain-general in terms of 
Figure 1 Integrative Pedagogy Model (adapted from Tynjälä, 2008)
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developmental outcomes and problem solving. 
Tynjälä’s Integrative Pedagogy Model reflects the essential role that integration of 
the three elements of expert knowledge plays in development of expertise. For instance, 
during the problem solving process, expert knowledge is transformed and developed; 
simultaneously this knowledge is used as input for the problem solving process. 
The arrows in the model represent the continuous, holistic character of expertise 
development. Although Tynjälä outlined the kinds of learning processes which should 
be fostered in a learning environment, there has been little work from an integrative 
pedagogical perspective on instructional principles for such a learning environment.
Taking Tynjälä’s framework as a starting point, we have been searching for 
instructional principles for promoting development of expertise. We derived ten 
instructional principles for promoting the development of professional expertise 
in diagnostic domains such as biology, business and geography from a systematic 
literature review (Elvira et al., 2016). The instructional principles derived from these 
studies were categorised according to their association with the three learning 
processes underlying expertise development. The instructional principles Support 
students’ in their epistemological understanding, Enable students to understand 
how particular concepts are connected, Provide students with opportunities to 
differentiate between and among concepts and Target for relevance were associated 
with transforming theoretical knowledge into practical knowledge. Two other 
instructional principles were associated with explicating practical knowledge into 
conceptual knowledge: Share inexpressible knowledge and Pay explicit attention 
to all students’ prior knowledge. The last four principles, Facilitate self-control 
and self-reflection, Supporting students in strengthening their problem solving 
strategies, Evoke reflection and Practice with a variety of problems to enable students 
to experience complexity and ambiguity were associated with the learning process 
reflecting on practical and conceptual knowledge by using self-regulative knowledge. 
These instructional principles are summarised in Table 1.
3.3 RESEARch ON cLASSROOm LEARNINg ENvIRONmENtS
Research over the past 40 years has shown that the quality of the classroom 
learning environment has a critical influence on achievement of educational 
objectives (Walker & Fraser, 2005). Several approaches have been used to assess what 
aspects of a classroom learning environments facilitate learning achievement and 
learning outcomes. Various approaches are discussed in this section; they can be 
distinguished on the basis of the following characteristics:
a. Theoretical perspective
b. Perspective on the classroom learning environment
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c. Type of data collection
d. Educational level.
One way of differentiating instruments for evaluation of learning environments 
is to consider the variety of (learning science) theories by which the research is 
influenced. For example the Questionnaire Teacher Interaction (QTI; e.g. Wubbels & 
Brekelmans, 1998) was influenced by the pragmatic perspective of the communicative 
systems approach (i.e. what is the effect of communication on someone else). The 
Learning Environment Inventory (LEI; Fraser et al., 1982), Classroom Environment Scale 
(CES; e.g. Moos & Trickett, 1987) and My Class Inventory (MCI; Fraser & O’Brien, 1985) 
were designed for use in teacher-centred classrooms, whereas the Individualised 
Classroom Environment Questionnaire (ICEQ; Fraser, 1990) was developed to assess 
the factors which differentiate conventional classrooms from individualised ones 
involving open or inquiry-based approaches to learning. Other instruments are 
informed by important concepts in learning theories such metacognition or social 
Instructional principles Learning processes
Support students in their epistemological 
understanding
Transforming theoretical/conceptual knowledge into 
experiential/practical knowledge
Provide students with opportunities to differentiate 
between and among concepts
 
Practice with a variety of problems to enable students 
to experience complexity and ambiguity
 
Enable students to understand how particular 
concepts are connected
 
Target for relevance  
Share inexpressible knowledge Explicating procedural/experiential knowledge into 
conceptual/theoretical knowledge
Pay explicit attention to prior knowledge  
Supporting students in strengthening their problem-
solving strategies
Evoke refection  Refecting on both practical and conceptual knowledge 
by using self-regulative knowledge
Facilitating the development of metacognitive 
knowledge (learning strategies) and skills (self-
monitoring, planning and evaluation)
Table 1 Instructional principles and learning processes fostering professional expertise development
72
constructivism. These include the Metacognitive Orientation Learning Environment 
Scale – Science (MOLES-S; Thomas, 2003) and the Constructivistic Learning Environment 
Survey (CLES; e.g. Taylor et al., 1997). The What is Happening in this Class (WIHIC; Fraser 
et al., 1996) was designed to bring parsimony to the field of learning environments 
research and might therefore be considered to be based on a pragmatic perspective 
(Dorman, 2003). 
Studies also differ in their perspective on the learning environment. An 
important distinction can be drawn between studies which focus on psychosocial 
factors and studies which also consider physical factors (e.g. Zandvliet & Fraser, 
2005). From a psychosocial perspective, the classroom learning environment should 
create favourable conditions for learning; in other words, attention should be paid 
to factors that, for example, affect student satisfaction, cohesiveness and autonomy. 
According to Moos (1974), each human environment - irrespective of the type of 
setting - can be described by three dimensions: Relationship Dimensions (the nature 
and intensity of personal relationships within the environment and the extent to 
which people are involved in the environment and support and help each other), 
Personal Development Dimensions (standard pathways for personal growth and self-
enhancement) and System Maintenance and Change Dimensions (orderliness, clarity of 
expectations, degree to which control is exerted, responsiveness to change). The LEI 
(Fraser et al., 1982), CES (e.g. Moos & Trickett, 1987), ICEQ (Fraser, 1990), MCI (Fraser 
& O’Brien, 1985), College and University Classroom Environment Inventory (CUCEI; 
Fraser & Treagust, 1986), Science Laboratory Environment Inventory (SLEI; Fraser 
& McRobbie, 1995), QTI (e.g. Wubbels & Brekelmans, 1998) CLES (e.g. Taylor et al., 
1997) and WIHIC (Fraser et al., 1996) are examples of questionnaires that focus on the 
psychosocial aspects of the classroom environment (Fraser, 1998; Shönrock-Adema 
et al., 2012; Van der Sijde & Tomic, 1992). Instruments which assess the physical 
learning environment focus on the physical, ergonomic, chemical and biological 
factors that may affect a student’s ability and capacity to learn (Zandvliet & Straker, 
2001). Certain elements of the physical environment (e.g. space, light, colour, noise, 
materials, thermal control, air quality) influence learning and development (Berris & 
Miller, 2011). It is assumed that physically inappropriate learning environments can 
be barriers to learning (for example, a noisy classroom can impede concentration and 
make it difficult to hear the teacher). The Computerised Classroom Ergonomic Inventory 
(CCEI; Zandvliet & Straker, 2001) and Childhood Physical Environment Rating Scale 
(CPERS; Moore & Sugiyama, 2007) are examples of questionnaires that focus on the 
physical aspect of learning environments. 
There is an important distinction between qualitative and quantitative studies 
in classroom learning environment research. Studies which take a qualitative 
approach use open-ended responses (Wong, 2003), interviews (e.g. Ge & Hardré, 
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2010; Lorsbach & Basolo, 1998), participant observation (Kankkunen, 2001), logbooks 
(Stevens et al., 2000), video recordings (Li, 2004), field notes (Parsons, 2002) and 
reflections (Harrington & Enochs, 2009) to build a detailed picture of learning 
environments. Although valuable, these techniques are very time-consuming; a 
reliable and conceptually-sound instrument which provides quantitative snapshots 
of classrooms would be a valuable supplement to such activities (Walker & Fraser, 
2005). Quantitative studies involve numerical, structured and validated data-
collection instruments, and statistics. A distinction can also be drawn between 
‘alpha press’ and ‘beta press’. Murray (1938) used the term ‘alpha press’ to refer to an 
external observer’s perceptions of the learning environment and ‘beta press’ to refer 
to observations by the constituent members of the environment under observation. 
In many cases, classroom learning environment research uses student ratings. 
Students are in a good position to make judgments about classrooms because they 
have encountered many different learning environments and spend enough time in 
a given classroom environment to form an accurate impression of it (Fraser, 1998).
Finally, studies can be distinguished according to the educational level 
on which they focus. Research and measurement of learning environments is 
dominated by studies at secondary school level and, to a lesser extent, elementary 
school and higher education levels (Fraser, 1998). 
To date learning environment research focusing explicitly on development of 
expertise has taken a qualitative, learning science perspective on higher education 
(Ge & Hardré, 2010). Using a qualitative design, Ge & Hardré (2010) identified 
stages in the development of expertise and the processes by which novices gain 
competence. In this present article, we present the development and validation of 
a Supportive Learning Environment for Expertise Development-Questionnaire, 
SLEED-Q, drawing on pedagogical, learning theoretical and psychosocial insights 
(see Table 1). The SLEED-Q is a quantitative instrument for evaluating the extent to 
which a learning environment supports the development of professional expertise in 
diagnostic domains such as business, geography and biology.
3.4 INStRumENt DESIgN AND DEvELOpmENt
In order to develop a useful instrument to assist researchers and teachers 
in assessing the degree to which a particular classroom’s learning environment 
is consistent with known principles of development of professional expertise, 
we derived an instrumental framework from the theoretical framework. The first 
step in developing the draft version of an instrument measuring the extent to 
which educators have created a Supportive Learning Environment for Expertise 
Development was conceptualisation of the dimensions. The ten instructional 
principles of a learning environment supportive for expertise development were 
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reflected in ten dimensions (see Table 1). We wrote items that tapped each of the 
ten dimensions. The questionnaire was developed in Dutch and presented to 
Dutch students. The first author of this paper developed entirely new items for 
the subscales epistemological understanding, prior knowledge, differentiation, 
connectedness and practice with complexity and ambiguity; for the other five scales 
we combined original items with relevant items from the ‘metacognitive demands’ 
and ‘teacher encouragement and support’ subscales of the MOLES-S (Thomas, 
2003), performance control and self-reflection subscales from the Self-Regulated 
Learning Inventory for Teachers (SRLIT; Lombaerts et al., 2007) and the Planning and 
Monitoring scale, Relevance and Coherence scale, and the Self-tackling assignments 
scale (Sol & Stokking 2008). Only the four items from MOLES-S used in the SLEED-Q 
were originally published in English. These four items were independently translated 
into Dutch by a native English speaker (with a Master degree) and a certified Dutch 
translator (with a Master Degree and knowledge of education in the age category 
12–18 years) fluent in English. 
The questionnaire items were reviewed by two researchers in educational 
sciences and one researcher in management sciences to establish content validity. 
These reviewers agreed that the set of statements was consistent with the underlying 
theoretical framework. In order to ensure that the items were considered relevant 
and comprehensible by teachers and students, we tested the instrument in a 
pilot study in which 36 secondary school students (with three different teachers) 
completed the digital version of the SLEED-Q. Students reported difficulties 
in understanding questions to their teachers. They were also asked about the 
user-friendliness of the digital instrument. After the students completed the 
questionnaire, two secondary school teachers reviewed the questionnaire to assess 
the clarity and unambiguousness of the items. We made some modifications based 
on recommendations and comments from the students, teachers and researchers. 
We improved the phrasing and clarity of some items and the usability characteristics 
of the instrument (e.g. we added a good introduction to the questionnaire and 
divided it into clearly arranged, tabbed pages). We also had to make certain changes 
to the electronic design of the questionnaire. The result of this process was the 
initial Supportive Learning Environment for Expertise Development Questionnaire 
(SLEED-Q), a 65-item instrument consisting of ten scales, each corresponding to one 
of the ten aforementioned instructional principles. The questionnaire makes use of 
five-point Likert scales (1=strongly disagree, 2=disagree, 3=neither agree nor disagree, 
4=agree, and 5=strongly agree). 
In order to determine the best factor structure to represent the SLEED-Q, we 
performed exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). 
EFA was carried out on the initial instrument, CFA on the modified instrument. 
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Between November 2011 and January 2012 the initial instrument was administered to 
430 secondary school students (176 girls; 254 boys) following a business (Management 
and Organisation; M&O) track, in 18 different 10th to 12th grade pre-university and 
senior general higher education classes (14–18 years of age, average age 16.83 years; 
10th grade: 40%; 11th grade: 40%; 12th grade: 20%) at 9 Dutch schools. 
In June and July 2012, the modified questionnaire was administered to 156 
secondary school students (90 girls; 66 boys) following a business (Management & 
Organisation) track, in 8 different 10th to 12th grade pre-university and senior general 
higher education classes (14–18 years of age, average age 16.35 years; 10th grade: 59%; 
11th grade 41%) at 5 Dutch schools. As well as completing the SLEED-Q students 
provided demographic information (gender, age). 
On the basis of evidence that student ratings tend to reflect personal 
preferences (Kunter & Baumert, 2006), we added an external criterion. Students were 
asked to fill out a validated subscale consisting of nine questions (Harackiewicz et al., 
2008) about their individual interest in the school subject for which they completed 
the SLEED-Q to provide a measure of concurrent validity.
3.5 ANALySIS AND RESuLtS
exploratory factor aNalySIS
The data were subjected to maximum likelihood extraction with an oblimin 
rotation. We chose maximum likelihood because there was a hypothesis about the 
underlying structure. Next an oblimin rotation was performed because we assumed 
that the factors describing the structure were interrelated. The decision about the 
number of factors to retain was based on initial eigenvalues; we kept all factors with 
an eigenvalue of 1.0 or higher. A scree plot was also examined, looking for a change 
in the slope of the line connecting the eigenvalues of the factors. Only items with 
a loading of 0.40 or more were selected. Internal consistency and reliability of the 
various scales was assessed using Cronbach’s α, with a value of at least 0.60 was the 
criterion for acceptable internal consistency (Nunnally, 1978; Robinson et al., 1991; 
DeVellis, 1991). We also followed Raubenheimer’s (2004) recommendation that there 
should be no fewer than three items per factor and that replacement items should be 
generated if the items of a scale in development do not exhibit sufficient reliability 
and validity. Based on these criteria we removed items and added six new items: 
(V_18: ‘We learn how the subject M&O relates to other subjects’; V_75: ‘When working 
on an assignment we keep track of time ourselves’; V_76: ‘The assignments from 
the book/hand-out deal with examples from the professional world’; V_77: ‘We get 
a variety of assignments taken from the professional world’; V_78: ‘We learn how to 
comment on fellow students’ work’; V_79: ‘The teacher teaches us how to deal with 
feedback’). Three of these new items were from the SRLIT (Lombaerts et al., 2007) and 
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Items Sharing and 
comparing 
knowledge (F1)
Relevance (F2) Self-control & 
Self-reflection 
(F3)
Epistemological 
understanding 
(F4)
Teaching for 
understanding 
(F5)
Support learning 
for understanding 
(F6)
Problem solving 
strategies (F7)
Modifications
V_583  .435 V_58 removed, V_524 and V_535
tap the same concept
V_52  .865
V_53  .782
V_51  .732
V_54  .557
V_20  .625
V_19  .501
V_37  .464 Item V_37 deleted; α-coefficient improved 
substantially. Two items (V_76_77) added to F2 
because too few items in scale.
V_57  .555
V_61  .451
V_39  .422 F3 had a low α-coefficient (<0.6), three items 
(V_75_78_79) were added.
V_16  .520
V_17  .412 F4 had a low α-coefficient; too few items in scale so 
item (V_18) was added.
V_09  .567
V_41  .464
V_11  .431
V_08  .426
V_42  .410
V_40  .408
V_13  .401
V_04  .533
V_31  .518
V_02  .480
V_32  .478
V_29  .787
V_30  .745
V_27  .515
V_33 .515
Table 2 Factor loadings2 for the Sleed-Q 
2 Loadings less than 0.40 omitted 3 V_58. We discuss the problems we run into while studying M&O in class. 4 V_52. We are encouraged to discuss 
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Items Sharing and 
comparing 
knowledge (F1)
Relevance (F2) Self-control & 
Self-reflection 
(F3)
Epistemological 
understanding 
(F4)
Teaching for 
understanding 
(F5)
Support learning 
for understanding 
(F6)
Problem solving 
strategies (F7)
Modifications
V_583  .435 V_58 removed, V_524 and V_535
tap the same concept
V_52  .865
V_53  .782
V_51  .732
V_54  .557
V_20  .625
V_19  .501
V_37  .464 Item V_37 deleted; α-coefficient improved 
substantially. Two items (V_76_77) added to F2 
because too few items in scale.
V_57  .555
V_61  .451
V_39  .422 F3 had a low α-coefficient (<0.6), three items 
(V_75_78_79) were added.
V_16  .520
V_17  .412 F4 had a low α-coefficient; too few items in scale so 
item (V_18) was added.
V_09  .567
V_41  .464
V_11  .431
V_08  .426
V_42  .410
V_40  .408
V_13  .401
V_04  .533
V_31  .518
V_02  .480
V_32  .478
V_29  .787
V_30  .745
V_27  .515
V_33 .515
how we study M&O with fellow students. 5 V_53. We are encouraged to explain examples from the book to each other.
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the other three were developed by the first author. Table 2 shows the factor loadings 
and where and why the modifications were made. 
Four of the initially conceptualised dimensions were part of the SLEED-Q: 
Relevance, Self-control and self-reflection, Problem solving strategies and Epistemological 
understanding. Three new subscales were derived from the data: Teaching for 
understanding, Support learning for understanding and Sharing and comparing knowledge. 
Following Kember et al. (2010), we titled one scale Teaching for understanding; this 
scale tapped encouragement for students to employ a deep approach to learning. 
This scale (see Appendix 1) consisted of two Relevance items, two Differentiation 
items, two Connectedness items and one Self-control and self-reflection item, 
giving a total of seven items. The scale Support learning for understanding tapped 
understanding of (new) concepts and information needed to solve problems; it 
consisted of two items on Prior knowledge, and two items on Problem solving 
strategies. The scale Sharing and comparing knowledge consisted of two Reflection 
items and two Inexpressible knowledge items related to articulation of hidden, 
unspoken knowledge. One of the original SLEED-Q scales, Complexity and ambiguity, 
was eliminated as the three items comprising it did not load as one factor and 
did not load on any of the remaining seven factors. The modified version of the 
instrument consisted of seven scales consisting of 32 items covering 9 of the 10 
initially conceptualised scales.
coNfIrmatory factor aNalySIS
CFA was performed to determine whether the seven-factor structure obtained 
using EFA would be confirmed in another dataset. A confirmatory factor model was 
tested using LISREL 8.80. The seven latent variables were the seven factors identified 
by the EFA. The 32 questionnaire items were the observed variables. The goodness-of-
fit indices for this model, shown in the second row of Table 3, consistently indicated 
Chi-square Df Probability Chi-sq/df 
ratio 
NNfI cfI RmSEA
7-factor (corr) 782.55 443 0.000 1.77 0.91 0.92 0.070
7-factor (corr) 
without item 61
689.38 413 0.000 1.67 0.93 0.93 0.066
7-factor (corr) 
without item 61 
and 57
652.85 384 0.000 1.70 0.93 0.94 0.067
Table 3 Fit indices for confirmatory factor analysis models
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Figure 2 Factor-item correlation for the Sleed-Q after excluding item 57 and 61
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a good fit with the data. The Chi-square/df ratio was less than 2.0, indicating that 
the model was a good fit with the data; the NNFI and the CFI were more than 
the recommended value of 0.90 (Hu & Bentler, 1999) and the RMSEA (0.070) also 
indicated acceptable fit (Browne & Cudeck, 1993). 
An examination of the modification indices of the seven-factor model revealed 
that there was still room for improvement. Item 61, ‘We have information that 
enables us to judge for ourselves whether our work is finished’, and Item 57, ‘We are 
used to checking our own work in the M&O classes’, had an unsatisfactory loading 
tendency and an insignificant t-value on their respective factors and were therefore 
deleted; this improved the fit of the model (third and fourth row Table 3). We chose 
the 30-item solution with the sample of secondary school students. The 30 items and 
the path diagram of the items’ factor loadings are presented in Figure 2. The factor 
loadings of the items varied between 0.28 and 0.85 (see Figure 2, page 79). Table 4 
Scale label (number of items) Refers to the following original instructional 
principles
Scale description Example item
(F1) Share and compare knowledge (4) Evoke refection; Share inexpressible knowledge The emphasis is on explicating student or expert 
behaviour when working on tasks
We are encouraged to discuss how we study M&O with 
fellow students. 
(F2) Relevance (4) Target for relevance The emphasis is on applying theoretical knowledge. The assignments in the book/hand-out deal with 
examples from the professional world. 
(F3) Self-control & self-refection (4) Facilitate self-control and self-refection The emphasis is on encouraging students to take 
control of and evaluate their learning and behaviour. 
When working on an assignment we keep track of time 
ourselves.
(F4) Epistemological understanding (3) Help students’ in their epistemological understanding The emphasis is on teaching students to recognise 
complexity and uncertainty in domain-specific 
knowledge. 
We learn how the subject M&O relates to other school 
subjects. 
(F5)Teaching for understanding (7) Facilitate self-control and self-refection; Target for 
relevance; Provide students with opportunities to 
differentiate between and among concepts; Enable 
students to understand how particular concepts are 
connected.
The emphasis is helping students develop 
interconnected, structured knowledge, which can be 
applied to study tasks.
The teacher helps us to understand the links between 
various components of the subject matter. 
(F6) Support learning for understanding (4) Pay explicit attention to all students’ prior knowledge; 
Supporting students in strengthening their problem 
solving strategies
The emphasis on understanding (new) concepts and 
which information is needed to solve problems.
The teacher gives us a chance to recall what we already 
know about a certain topic. 
(F7) Problem solving strategies (4) Supporting students in strengthening their problem 
solving strategies 
The emphasis is on developing students’ problem 
solving skills through observation of expert behaviour 
and supervised exercise.
The teacher shows the class how to tackle an 
assignment. 
Table 4 Scale descriptions and sample items for the modified Sleed
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shows the scale descriptions and a sample item from the modified SLEED-Q.
INterNal coNSISteNcy aNd relIaBIlIty
Internal consistency and reliability were assessed with Cronbach’s α 
coefficient using SPSS 19.0. As shown in Table 5, α-coefficients ranged from 0.60, for 
Epistemological understanding, to 0.81, for Problem solving strategies. 
dIScrImINaNt valIdIty 
Table 5 gives discriminant validity data in the form of correlations between the 
factors under investigation. These data indicate overlap but not to such an extent 
that it compromises the psychometric properties of the SLEED-Q. The conceptual 
distinctions between the scales are another reason for retaining them in the 
SLEED-Q. All the correlations were statistically significant at 0.05 level, except for 
Scale label (number of items) Refers to the following original instructional 
principles
Scale description Example item
(F1) Share and compare knowledge (4) Evoke refection; Share inexpressible knowledge The emphasis is on explicating student or expert 
behaviour when working on tasks
We are encouraged to discuss how we study M&O with 
fellow students. 
(F2) Relevance (4) Target for relevance The emphasis is on applying theoretical knowledge. The assignments in the book/hand-out deal with 
examples from the professional world. 
(F3) Self-control & self-refection (4) Facilitate self-control and self-refection The emphasis is on encouraging students to take 
control of and evaluate their learning and behaviour. 
When working on an assignment we keep track of time 
ourselves.
(F4) Epistemological understanding (3) Help students’ in their epistemological understanding The emphasis is on teaching students to recognise 
complexity and uncertainty in domain-specific 
knowledge. 
We learn how the subject M&O relates to other school 
subjects. 
(F5)Teaching for understanding (7) Facilitate self-control and self-refection; Target for 
relevance; Provide students with opportunities to 
differentiate between and among concepts; Enable 
students to understand how particular concepts are 
connected.
The emphasis is helping students develop 
interconnected, structured knowledge, which can be 
applied to study tasks.
The teacher helps us to understand the links between 
various components of the subject matter. 
(F6) Support learning for understanding (4) Pay explicit attention to all students’ prior knowledge; 
Supporting students in strengthening their problem 
solving strategies
The emphasis on understanding (new) concepts and 
which information is needed to solve problems.
The teacher gives us a chance to recall what we already 
know about a certain topic. 
(F7) Problem solving strategies (4) Supporting students in strengthening their problem 
solving strategies 
The emphasis is on developing students’ problem 
solving skills through observation of expert behaviour 
and supervised exercise.
The teacher shows the class how to tackle an 
assignment. 
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Scale α F1 F2 F3 F4 F5 F6 F7
Sharing and comparing knowledge (F1) 0.70
Relevance (F2) 0.68 .47 **
Self-control and self-refection (F3) 0.67 .70 ** .42 **
Epistemological understanding (F4) 0.60 .32 ** .38 ** .31 **
Teaching for understanding (F5) 0.69 .39 ** .53 ** .38 ** .60 **
Support learning for understanding (F6) 0.68 .47 ** .52 ** .51 ** .55 ** .73 **
Problem solving strategies (F7) 0.81 .19 * .22 ** .09 .44 ** .54 ** .49 **
Individual interest in the school subject 0.90 .22 ** .38 ** .17 ** .39 ** .52 ** .43 ** .40 **
Table 5 Cronbach’s α-coefficients and bivariate correlations for the seven-factor Sleed-Q
** Correlation is significant at the 0.01 level (two-tailed); * Correlation is significant at the 0.05 level (two-tailed).
the correlation between the factors of Problem solving strategies and Self-control & self-
reflection. 
coNcurreNt valIdIty
Concurrent validity measures the degree to which a test corresponds to an 
external criterion that is known concurrently (Rubin & Babbie, 2007). The concurrent 
validity of the SLEED-Q was computed using bivariate correlations between the 
seven factors and total score on a measure of individual interest in the school 
subject for which SLEED-Q had been completed (see Table 5). The correlations 
between individual interest in the school subject scores and the seven factors were all 
significant at the p < 0.01 level. For concurrent validity, weak to moderate correlation 
coefficients were found for the seven scales of the SLEED-Q and total score on 
individual interest in the school subject (r=.17 to .52). In other words, students with 
high interest scores on the school subject had low or moderate scores on the seven 
scales of the SLEED-Q, meaning that the factors of the SLEED-Q and the total score 
on individual interest in the school subject were only distantly related.
3.6 cONcLuSION 
This paper presents the development and validation of the SLEED-Q. 
Development of the questionnaire was based on a systematic review of the literature 
on instructional practices which promote development of professional expertise in 
diagnostic domains. Sixty-five relevant instructional practices were derived from 
this review which theoretically fit in terms of Tynjälä’s Integrative Pedagogy Model 
and clustered into ten instructional principles. These ten instructional principles 
were reflected in ten scales. EFA and CFA of responses to the SLEED-Q showed that 
the questionnaire had a seven-factor structure: 1) Share and compare knowledge, 
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2) Relevance, 3) Self-control & self-reflection, 4) Epistemological understanding, 5) 
Teaching for understanding, 6) Support learning for understanding and 7) Problem 
solving strategies. 
Four of the ten original scales (Epistemological understanding, Relevance, Self-
control & self-reflection and Problem solving strategies) were confirmed. Three new 
factors emerged from the factor analysis, items referring to Evoking reflection and 
Inexpressible knowledge loaded together on the Sharing and comparing knowledge 
factor; items measuring differentiation, connectedness, self-control & self-reflection 
and relevance loaded together on one factor (Teaching for understanding). Items which 
were originally part of the subscales Prior knowledge and Problem solving strategies 
loaded together on one factor, labelled Support learning for understanding. Sharing 
and comparing knowledge and Support learning for understanding reflect the learning 
processes Explicating practical/experiential knowledge into conceptual/ theoretical 
knowledge and Reflecting on both practical and conceptual knowledge by using self-
regulative knowledge. Although both new factors tap the same learning processes 
underlying development of expertise they have different foci. The four items 
loading on Sharing and comparing knowledge relate to reflection and direct sharing 
of inexpressible knowledge. Interestingly, reflection and sharing inexpressible 
knowledge are sometimes considered crucial to fostering expertise. Kirsner (2000) 
argued that, without reflection, only ‘false expertise’ can develop. Several authors 
(e.g. Alacaci, 2004; Nilsson & Pilhammar, 2009) claim that sharing inexpressible 
knowledge of intermediates and experts in a domain contributes to an individual’s 
enculturation into the ‘expert’ group. Enculturation should be understood in 
two senses, as process of developing knowledge, skills, habits, attitudes which 
characterise a specific domain, and as the process of becoming an accepted and a 
legitimised member of a group (Boshuizen et al., 2004). The factor Support learning 
for understanding includes four items tapping the activation of elements of prior 
conceptual and practical knowledge. Chi et al. (1988) suggested that prior conceptual 
knowledge influences how problem solvers define, represent and solve problems. 
From an expertise development perspective, Support learning for understanding 
embodies the requirement for integrated conceptual knowledge and practical 
knowledge when solving domain-specific problems. 
Teaching for understanding reflects the learning processes by which theoretical 
and conceptual knowledge is translated into experiential and practical knowledge 
and the process of reflecting on practical and conceptual knowledge by using self-
regulative knowledge. The seven items measuring Teaching for understanding reﬂect 
instructional practices which promote a deeper understanding of the domain, 
such as encouraging students to compare and contrast concepts, helping students 
to see relationships between concepts and encouraging students to apply domain-
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specific concepts to assignments. Self-directed learning can promote a more 
thorough understanding; this is captured by the item ‘We have deadlines for our 
assignments’. The factors Sharing and comparing knowledge, Teaching for understanding 
and Support learning for understanding appear more interrelated than the other factors 
(Relevance, Self-control & self-reflection and Problem solving strategies). The difference in 
interrelatedness (in terms of learning processes) of the factors indicate that, from 
the student perspective, instructional practices focus on each learning process 
individually as well as on integrating and synthesising the various learning processes.
The items assessing seven factors revealed in this study relate to nine of the ten 
original instructional principles. Our data provided empirical support for the validity of 
nine out of ten of the instructional principles identified in our literature review (Elvira 
et al., 2016). It might be considered disappointing that the subscale initially designed to 
measure the complexity and ambiguity of tasks did not survive the statistical analyses. 
One explanation for the absence of the complexity and ambiguity factor from students’ 
perspective on their learning environments might be that teachers do not provide 
complex, ambiguous assignments at this early stage in development of professional 
expertise. Several authors have stated that caution is vital when confronting students 
with complexity; some authors (e.g. Botti & Reeve, 2003; Brookes et al., 2011) propose that 
the complexity of problems, cases, representations and scenarios should be increased 
gradually: ‘Starting any sequence of representations with the most regular, simple 
forms available and minimising contextual features that could potentially confuse or 
distract the students, will enable students to ‘get their eye in’ when making sense of a 
representation’ (Gilbert, 2005 cited by Halverson et al., 2003, p. 816).
Some limitations of this study should be mentioned. First, although other 
subscales had reliability coefficients close to or higher than 0.70, Epistemological 
understanding had a reliability of 0.6. Closer inspection of the data revealed that 
the individual items making up this subscale did not show low corrected item-
total correlations or low factor loadings. One explanation for the lower reliability 
is that this scale consists of only three items, which is the minimum number of 
items recommended for a scale (Raubenheimer, 2004). Future development of the 
instrument should include consideration of adding items to this scale and re-
examining the formulation of the current items. 
Second, whilst an instrument with 30 items might be preferable to a longer 
instrument, the factor analyses revealed scales with different numbers of items 
and, although it is not necessary for each scale to have the same number of items, a 
more balanced distribution of items across factors might result in a more efficient 
instrument (Johnson & Stevens, 2001). 
Third, the SLEED-Q only measures student perceptions of the nature of the 
learning environment. Previous research (Kunter & Baumert, 2006) has shown 
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that there are differences between teachers’ and students’ perceptions of the same 
learning environment. Research into both teachers’ and students’ perceptions of 
learning environments is important, because divergence and convergence between 
students’ and teachers’ perceptions have proven to be informative in investigations of 
teaching and learning processes and could provide valuable information for teacher 
education programmes (Brekelmans & Wubbels, 1991, cited by Den Brok et al., 2006). 
Future research should focus on developing a teacher version of the SLEED-Q. 
Fourth, the face validity of items (i.e. whether the meaning was clear and the 
response scales easy to use for students) was evaluated indirectly by asking students 
to report possible problems with the questionnaire to their teacher. This gave us 
indirect information about possible misinterpretations; it might be preferable to 
interview a sample of respondents to obtain first-hand data on face validity. 
Fifth, the SLEED-Q was administered in Dutch to Dutch children taught in a 
particular educational system; cross-validation of the SLEED-Q in other countries 
with a different educational systems is desirable. Earlier learning environment 
research (e.g. MacLeod & Fraser, 2010; Telli et al., 2007; Wong & Fraser, 1995) has 
shown that various instruments (e.g. SLEI, WIHIC and QTI) had satisfactory internal 
consistency, reliability and factorial validity, indicating cross-cultural validity. The 
SLEED-Q is included in the paper (Appendix 1) to stimulate further research on 
learning environment factors which promote development of expertise at secondary 
school level. 
Although several scholars (e.g. Tynjälä et al., 1997) have argued that educational 
practices have an important role in creating or inhibiting the preconditions for 
expertise, the pedagogical dimension of expertise is rarely incorporated into 
frameworks for development of instruments to evaluate learning environments. 
The process by which the SLEED-Q was developed is a first step in this direction. 
The SLEED-Q provides another means of evaluating classroom environments with 
respect to their potential to promote development of expertise and is complementary 
to often time-consuming, qualitative approaches. Studies using the SLEED-Q 
could stimulate discussions with educators about how to create an environment 
conducive to development of professional expertise, and secondary schools could 
use the SLEED-Q as a diagnostic tool as part of a quality assurance process. Practical 
application of the SLEED-Q would require formulation and implementation of 
intervention strategies based on questionnaire results and re-administration of the 
questionnaire to establish the effectiveness of the interventions (Yarrow et al., 1997).
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Appendix 1 Sleed questionnaire with corresponding principles
Subscale Items Original instructional principle
Sharing and comparing 
knowledge (F1)
V_51. ‘We are encouraged to review each 
other’s work.’ 
Evoke refection 
V_52. ‘We are encouraged to discuss with 
fellow students how we study Management & 
Organisation.’
Share inexpressible knowledge 
V_53.’ We are encouraged to explain examples 
from the book to each other.’ 
Share inexpressible knowledge
V_54. ‘The teacher has us to compare our 
solutions to an assignment with those of an 
expert.’
Evoke refection
Relevance (F2) V_76 ‘The assignments in the book/hand-out 
deal with examples from the professional 
world.’
Target for relevance 
V_77 ‘We are given various assignments that 
are taken from the professional world.’
Target for relevance
V_19. ‘Many of our assignments are linked 
to events from the news (radio, television, 
newspaper, annual reports).’ 
Target for relevance
V_20. ‘We are given assignments that relate to 
our everyday life.’ 
Target for relevance
Self-control and self-
refection (F3)
V_39 ‘We draw up a plan for the tasks that we 
should carry out independently.’
Facilitate self-control & self-refection
V_75 ‘When working on an assignment we 
keep track of time ourselves.’
Facilitate self-control & self-refection
V_78 ‘We learn how to comment on fellow 
students’ work.’ 
Facilitate self-control & self-refection
V_79 ‘The teacher teaches us how to deal with 
feedback’. 
Facilitate self-control & self-refection
Epistemological 
understanding (F4)
V_16. ‘We learn that knowledge related to the 
subject Management & Organisation evolves 
over time.’
Help students’ in their epistemological 
understanding 
V_17. ‘We learn that some terms may have 
more than one meaning.’ 
Help students’ in their epistemological 
understanding
V_18. ‘We learn how the subject Management 
& Organisation relates to the content of other 
school subjects.’ 
Help students’ in their epistemological 
understanding
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Subscale Items Original instructional principle
Teaching for 
understanding (F5)
V_08 ‘The teacher uses examples related to 
the topic.’ 
Provide students with opportunities 
to differentiate between and among 
concepts 
V_09 ‘We learn what various concepts and 
ideas have in common and how they differ.’
Provide students with opportunities 
to differentiate between and among 
concepts
V_11 ‘The teacher helps us understand the 
links between various components of the 
subject matter.’
Enable novices to understand how 
particular concepts connect together 
V_13 ‘The teacher shows us the relationships 
between various components of the subject 
Management & Organisation.’
Enable novices to understand how 
particular concepts connect together
V_40 ‘We have deadlines for our assignments.’ Facilitate self-control & self-refection
V_41 ‘When carrying out an assignment, we 
are encouraged to use the learning materials.’ 
Target for relevance
V_42 ‘To carry out an assignment, we need to 
have sufficient understanding of the material.’
Target for relevance
Support learning for 
understanding (F6)
V_02 ‘The teacher gives us a chance to recall 
what we already know about a certain topic.’
Pay explicit attention to all students’ 
prior knowledge
V_04 ‘We are encouraged to describe the 
subject matter in our own words.’ 
Pay explicit attention to all students’ 
prior knowledge
V_31 ‘When solving a problem, we are 
encouraged to draw on our existing 
knowledge.’
Supporting students in strengthening 
their problem solving strategies
V_32 ‘We think about possible ways of solving 
the problem.’
Supporting students in strengthening 
their problem solving strategies
Problem solving 
strategies (F7)
V_27 ‘The teacher encourages us to clearly 
describe what exactly the assignment entails. 
Supporting students in strengthening 
their problem solving strategies
V_29. ‘The teacher helps us to approach an 
assignment step by step.’ 
Supporting students in strengthening 
their problem solving strategies
V_30. ‘The teacher discusses how a problem 
can be approached.’ 
Supporting students in strengthening 
their problem solving strategies
V_33 ‘The teacher shows the class how to 
tackle an assignment.’
Supporting students in strengthening 
their problem solving strategies
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4.1 INtRODuctION
In formal education, the importance of students’ proficiency in problem-
solving is increasingly being recognized. ‘In modern societies, all of life is problem 
solving’ (OECD 2014:26). Brant and Wales (2009) argued that in order to succeed 
in life, students need a number of key skills of which problem solving ability is 
one. This recognition of the importance of developing problem-solving skills in 
formal education is apparent from the recent changes made to international tests 
as well as in national (Dutch) curricula. For example, the latest Programme for 
International Student Assessment (PISA) tests explicitly assess the problem-solving 
skills of 15-year-old students. On a national level, the introduction of a New national 
Curriculum in the Netherlands for upper general secondary education (15–18 years) 
has switched focus from merely the acquisition of conceptual knowledge to the 
development of skills and, in particular, domain-specific problem-solving skills. 
This shift from knowledge-oriented to skills-oriented education is not limited to the 
Netherlands and has also been instituted in other Western countries such as England 
and the United States (e.g. Mercier & Higgins, 2013).
For a long time, problem-solving and its development have been the focus 
of attention in both academic domain learning as well as expertise development 
research. Therefore, these strands of research are highly relevant when studying 
the development of problem-solving skills in formal education. In the field of 
(professional) expertise research (Boshuizen et al., 2004a) as well as in academic 
domain learning (Alexander and Murphy, 1998), it is generally acknowledged that 
experts outperform novices when it comes to the quality of solving problems. This 
is due to experts’ (i) well-organized knowledge, (ii) problem analysis and problem 
representation, and (iii) strong self-monitoring abilities (Chi et al., 1988). 
 In the conventional approach of expertise development research, the 
early phases of gaining expertise are studied in the setting of higher education 
by examining the aptitudes of a restricted pool of participants (i.e., students). 
Researchers have argued that only those who have the necessary aptitudes will be able 
to enter the specific domain of expertise (Hatano and Oura, 2003). However, various 
authors argue that the role of secondary education in expertise development should 
be examined. These authors (Alexander, 2005; Bereiter and Scardamalia, 1986) state 
that an aim of secondary education is to plant the seeds for expertise in any domain. 
This is roughly in line with Mehta et al. (2011) who found that secondary school 
students expect that education prepares them for their future professional lives. 
This entails helping students develop the types of knowledge representations, ways 
of thinking, and social practices that define successful learning in specific domains 
(Goldman et al., 1999). It implies supporting and stimulating students in the process 
of continually transforming the repertoire of knowledge, attitudes, and skills to 
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become better problem solvers in a particular domain, according to expertise 
standards (Boshuizen et al. 2004a). 
Till now, these expectations regarding the contribution of secondary education 
have primarily been put forward on conceptual grounds. This paper is concerned 
with providing empirical arguments to highlight the seeds of expertise that 
are planted during secondary education. Our purpose is to show to what extent 
secondary school students in three consecutive upper grades differ in their quality 
in problem solving. Students’ problem solving is researched in two steps. The first 
step is to test the assumption that students’ quality of problem solving develops 
along dimensions of expert problem solving in three consecutive upper grades 
of secondary education (10th, 11th and 12th grade). The second step is based on 
the argument that focusing solely on cognitive aspects in expert problem solving 
is incomplete, because it ignores the problem solver’s individual interest in the 
problem (Alexander, 2003; Mayer, 1998). Therefore, we address the question what the 
differences are in the quality of problem solving in terms of expertise characteristics 
between 10th, 11th and 12th grade students after adjusting for individual interest.
In this study, we use a methodological approach that is common in expertise 
development research. We offered secondary school students expert-like domain-
specific problems to trigger a level of expert-like behaviour. These problems can be 
characterized as ill-structured, complex and multi-disciplinary (Arts, 2007). Given 
this type of problems is common in business, we have selected the business track 
in secondary education as the setting for our study. In addition, we used a cross-
sectional design to investigate the differences in problem solving among students 
from three consecutive grade levels.
4.2 ExpERtISE DEvELOpmENt AND thE StuDy’S hypOthESES
Various authors (e.g. Bereiter and Scardamalia, 1993; Herling 2000) claim that the 
key to expertise lies in an individual’s ability to solve problems. Experts professionals are 
constantly solving problems. The quality of problem solving itself manifests the degree 
of expertise. Moreover, problem solving is related to the domain-specificity of expertise, 
such as analysing a law case (Nievelstein et al., 2010), approving financial statements 
(Bouwman 1984), or choosing appropriate statistical techniques (Alacaci, 2004). 
Experts, however, do not become experts overnight. The development of 
professional expertise is a lengthy process starting in secondary education proceeding 
through higher education and continuing in the workplace (Boshuizen et al., 2004a ; 
Bryce & Blown, 2012; VanFossen and Miller, 1994). In secondary education, students 
are encouraged to acquire knowledge, practices, and ways of thinking that constitute 
a particular domain (Goldman et al., 1999). During this educational phase, a student 
acquires knowledge and skills and uses them to become a better domain-specific 
99
problem solver. The transformations in knowledge and skills are reflected within stages 
of proficiency at various points along the path to expertise (VanFossen and Miller, 1994). 
In this respect, stage theories imply a developmental continuum from novice 
to expert and identify characteristics and development activities at each stage 
(Grenier and Kehrhahn, 2008). From an educational view on expertise, stage theory 
is often used (e.g. Arts et al., 2006a; Schmidt et al., 1990). This theory focuses on the 
development of and changes in the organization of domain-specific knowledge 
structures, distinguishing different developmental stages of expertise (i.e., novices, 
intermediates and experts). This perspective on expertise development gave 
researchers insight into transformations in domain-specific knowledge structures 
from beginner to expert level in a specific domain. Domain-specific knowledge 
covers knowledge types, such as conceptual knowledge and procedural knowledge 
related to a specific expertise area (Sternberg, 1999). In this paper, we will mainly 
discuss the transformations of domain-specific knowledge structures during the 
educational phase of expertise development, the focus of our study. 
Expertise research has shown the difficulty of making a domain-specific 
knowledge structure explicit. Therefore, research into these structures uses derived 
variables. The three most common are: (1) participants’ application of domain-
specific concepts, (2) participants’ problem representation, and (3) inferences (Arts et 
al., 2006a; Rikers et al., 2000). The quality of domain-specific knowledge structures, 
operationalized in abovementioned variables, is a precondition for reaching a 
particular level of cognitive problem solving performance (Arts, 2007; Boshuizen, 
2004). In expertise development research, this performance is often reflected in (4) 
the accuracy of diagnoses and (5) the accuracy of solution. 
Many problems that people (expert or not) face require some sort of diagnosis 
of the situation based on conceptual knowledge to characterize the situation 
and to act adequately (Schmidt and Boshuizen, 1993). In expertise development 
research, the application of concepts is an indicator for the possession of conceptual 
knowledge. Schmidt and Boshuizen (1993) investigated the difference in application 
of biomedical concepts by asking 2nd year, 4th year, and 6th year medical students 
and experienced internists to explain the process that had caused the medical 
problem described in a clinical case. They found that the number of (biomedical) 
concepts applied by the students increased with increasing expertise levels. Custers 
and colleagues (Custers, 1995; Custers et al., 1999) found similar results in the field 
of medicine. In the field of business, Vaatstra (1996) and Arts et al. (2006a) found 
a significant increase in the number of domain-specific concepts from freshman 
year through graduation. Furthermore, Bryce and Blown (2012) found that expertise, 
such as extensive knowledge-skill in applying scientific language and recognising 
relationships between concepts, demonstrated a rising vocabulary means (use of 
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astronomical concepts) during the transition from primary to secondary school. 
These findings are consistent with Boshuizen’s (2004) perspective on novices’ 
learning, which she refers to as knowledge accretion that typically takes place during 
formal education. 
Second, domain-specific knowledge structure denotes both the elements 
of what one knows in a domain (existence or absence of concepts), and how the 
elements are linked (Alacaci, 2004). The quality of problem representation, in terms 
of connectedness, plays an important role in explaining the differences between 
novices and experts as well. Arts (2007 p. 15) defines problem representation as the 
way in which an individual has interpreted and processed problem information into 
a ‘mental model’. Various authors (e.g., Chi et al., 1988) stated that domain experts 
represent problems on a deeper level than novices. Experts represent problem 
information by focusing on the meaning of information, that is, information not 
mentioned specifically in the problem, rather than superficial and literal aspects as 
novices do. This is consistent with findings of Boshuizen (1989), Vaatstra (1996) and 
Arts et al. (2006a) that problem representation has a significantly positive relation 
with years of experience as a student on university. This indicates that the quality of 
problem representation improves in terms of deeper understanding of the problem, 
depending on the number of years of formal education or familiarity with the 
domain. 
Third, by making inferences, concepts and case facts can be related (e.g. 
Alexander, 2003; Schmidt & Boshuizen, 1993), oftentimes operationalized through 
(causal) reasoning, which goes beyond the cognitive activities associated with 
the mere use of concepts. Arts et al. (2006b) distinguish between descriptive 
inferences and explanatory inferences. Descriptive statements are descriptions 
of facts (either literal or paraphrased) and thus do not provide explanations 
of situations. Such statements provide indications of the subjects’ degree and 
comprehension of domain-specific, declarative knowledge (Arts et al., 2006b). 
Explanatory inferences are defined as statements with a causal relation of the 
type: ‘If Y then X’, or ‘X is caused by Y’. These kinds of inferences can be typified 
as indicators of procedural knowledge. Arts et al. (2006a) found that causal 
statements, e.g., ‘if…then’ inferences, are the core units that explain expertise in 
terms of (managerial) problem-solving performance. Arts et al. (2006a) showed 
that the ability to make explanatory inferences from relevant business data 
separates (management) novices from (management) experts. This finding was 
also reported by other investigators (e.g., Rikers et al., 2000; van de Wiel et al., 
1998). In sum, expertise development research (e.g., Schmidt et al., 1990; Arts, 2007) 
suggests that domain-specific knowledge structures play a role in the diagnostic 
and solution accuracy. 
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Diagnostic accuracy is operationalized by two indicators: diagnostic correctness 
and diagnostic completeness. Diagnostic correctness commands an individual to 
formulate correct diagnoses (e.g. Rikers et al., 2000). Diagnostic completeness refers 
to the level of detail in the elaboration of the correct diagnosis (Arts et al., 2006a). 
Results from several studies in various fields (e.g., Arts et al., 2006a; Boshuizen, 1989; 
Vaatstra, 1996) regarding the progress of diagnostic correctness are unambiguous. 
They found a significant linear component indicating that the production of correct 
diagnoses (in absolute numbers) has a monotonically increasing relation with years 
of formal schooling. To a lesser extent, expertise research (Arts et al., 2006a; Rikers 
et al., 2000; van de Wiel et al., 1998) focused on the completeness of the diagnoses. 
Rikers et al. (2000) revealed that 6th-year students provided significantly more 
complete diagnoses than 2nd-year students. Van de Wiel et al. (1998) found similar 
results between 2nd, 4th, and 6th year students. Interestingly, in Arts et al.’s (2006a) 
paper, only the student groups produced incomplete diagnoses, while the experts 
produced solely complete diagnoses.
Solution accuracy is operationalized by these indicators: solution correctness, 
solution completeness, and evaluation of alternative solutions. Solution correctness 
indicates whether an individual formulates a correct solution (Anderson & 
Leinhardt, 2002). Solution completeness refers to the kind of detail in the 
elaboration of the correct solution (Arts et al., 2006a). Various authors (e.g., Anderson 
& Leinhardt, 2002) found steady growth in the number of correct solutions during 
formal education. Furthermore, the literature reveals that completeness of the 
solution has a monotonically increasing relationship with years of formal business 
education. Noteworthy, after an initial increase in the number of incomplete 
solutions, a sharp decline occurs after the first year in business school (Arts et al., 
2006a). Evaluation of alternative solutions is a complex judgmental process in 
which both the positive and negative aspects of alternative solutions are weighted 
and combined into an overall assessment of its goodness (Smith, 2003). Easton 
and Ormerod (2001)’s study revealed that experts (university teachers) evaluated 
roughly twice as many alternative solutions as novices (3rd year university marketing 
students) when analysing a case. Not only did the experts evaluate more, they did so 
with more and better evaluative criteria due to their conceptual depth. Bouwman 
(1984) compared decision making between accountancy novices and experts by 
having them evaluate a firm’s financial position. One finding was that the process of 
analysing the presented information and selecting only the data that promised to be 
particularly relevant for further evaluation was qualitatively assessed better by the 
experts in terms of ‘directed search’ (the case where an experts wants a specific item 
of information) and ‘the development of a feeling for the company’. To summarize, 
the application of concepts, problem representation, inferences, diagnostic 
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accuracy, and solution accuracy reflect the predominant cognitive character of 
expertise and its development. 
This cognitive science perspective on expertise and its development, however, 
largely overlooks powerful motivational forces (Pintrich et al., 1993). ‘(…) Without 
understanding those motivational/affective dimensions, educators cannot explain 
why some individuals persist in their journey toward expertise, while others yield to 
unavoidable pressures’ (Bereiter and Scardamalia, 1993 cited by Alexander, 2003 
p. 10). Interest as a motivational variable has been described by Mayer (1998) as a 
critical ‘prerequisite for successful problem-solving’ (p. 50). According to Alexander 
(2003) and Ericsson (1996), individual interest plays a role in advances towards 
becoming an expert. Renninger et al. (2002) and Alexander et al. (2004) found that the 
way problem solvers interpret the problem solving situation partly depends on their 
individual interest. Individual interest can be defined as a relatively stable affective 
and evaluative orientation toward certain domains (e.g. Hidi and Renninger, 2006). 
As individuals become more individually interested in a domain, they learn more 
and as they continue to learn, their interest increases. From this perspective, then, 
individual interest appears to play a very important role in learning and academic 
achievement. 
Based on this literature, the study identified five research questions with eight 
hypotheses listed in Table 1. It also explored a ninth hypothesis about individual 
interest as a covariate, listed as Hypothesis IC at the bottom of the table.
4.3 mEthOD
partIcIpaNtS aNd SettINg
Participants were 213 pre-university students following a business track from 
seven secondary schools1, 10 different classes, and eight different teachers in the 
Netherlands. The sample included 111 (52%) girls and 102 (48%) boys. Further, the 
sample comprised 62 10th graders (M=15.48 years), 83 11th graders (M=16.82 years) and 
68 12th graders (M=17.44 years). During these three years, students study business 
behaviour from various disciplines within business (e.g., organization, finance, 
marketing, financial policy, management information systems, and accounting) 
and from different perspectives of a range of stakeholders. The Dutch pedagogical 
system in these grades, introduced in 1998, is called ‘Study House’. The Study 
House implies that pupils learn in an active and autonomous way and encourages 
an independent attitude. All the schools in this research used a lesson method that 
1 Dutch secondary education has four types of secondary education, which are hierarchically ordered: In 
descending order they are pre-university education, senior general higher education, pre-vocational 
secondary education and practical training. This paper focuses on pre-university education.
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Hypothesis 1 Students in the higher grade levels of pre-university education as compared to lower 
grade level students apply more domain-specific concepts during problem solving
Hypothesis 2 Students in the higher grade levels of pre-university education as compared to lower 
grade level students are qualitatively better at representing problems
Hypothesis 3 Students in the higher grade levels of pre-university as compared to lower grade level 
students use more explanatory inferences
Hypothesis 4 Students in the higher grade levels of pre-university education provide more correct 
diagnoses as compared to lower grade level students
Hypothesis 5 Students in the higher grade levels of pre-university education provide more complete 
diagnoses as compared to lower grade level students
Hypothesis 6 Students in the higher grade levels of pre-university education provide more correct 
solutions as compared to lower grade level students
Hypothesis 7 Students in the higher grade levels of pre-university education provide more complete 
solutions as compared to lower grade level students
Hypothesis 8 Students in the higher grade levels of pre-university education provide more well-argued 
evaluations of possible solutions as compared to lower grade level students
Hypothesis IC Individual interest, as a covariate, infuences the application of domain-specific concepts, 
quality of problem representation, inferences, diagnostic accuracy and solution accuracy
Table 1 Hypotheses 
supports the principles of the Study House. 
INStrumeNtS
(a) Business case
As a first step we developed a business case (see Appendix A) aligned to the 
typical characteristics of business problems (ill-structured, multidisciplinary 
and complex) with appropriate questions (Arts, 2007) that followed the objective 
according to the National Curriculum for business education for pre-university 
students in Netherlands: ‘by the end of the 12th grade, pre-university students 
following a business track are expected to analyse common problems within 
commercial and non-commercial organizations in the fields of organization, finance, 
marketing, financial policy, management information systems, and accounting’ 
(College voor Examens, 2013). 
Three experienced teachers in business education (two with > 30 years 
and one with >10 years of experience) verified students’ ability to analyse and 
solve the problems presented in the case and if the domain-specific jargon was 
understandable for these 10th, 11th, and 12th graders.
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(b) Individual interest
The measure of individual interest (nine items, α=0.89) was derived from the 
‘Hold Interest’ Scale (Harackiewicz et al., 2008). Sample items are: ‘I find the content 
of this subject personally meaningful’ and ‘I see how I can apply what we are learning 
in Management & Organisation to real life’.
procedure 
(a) Administration case
The students encountered a business case description. Each participant was 
asked to address four questions after reading the case description (see Appendix A). 
There was no plenary discussion of the case, nor were students allowed to consult 
each other. Students were given 25 minutes to solve the case. They were informed that 
their responses were not limited in length and could be written in their own words. 
One week later, students filled out a questionnaire to measure individual interest. 
(b) Coding procedures
Various empirical expertise development studies in different fields (e.g., 
medicine: Schmidt Norman & Boshuizen, 1990; law: Nievelstein et al., 2010; 
geography: Anderson & Leinhardt, 2002; management studies: Arts et al., 2006a) 
have resulted in relevant insights into the operationalization of differences between 
the novice, intermediate, and expert level in terms of quality in problem solving. 
We analysed the 213 handwritten case protocols, as produced by the participants, 
by considering the (1) application of domain-specific concepts, (2) quality of the 
problem representation, (3) inferences, (4) diagnostic accuracy, and (5) solution 
accuracy. 
1. Application of domain-specific concepts. 
We counted the domain-specific concepts used by a student when used 
correctly and not literally mentioned in the case description. Therefore, we 
refer to the use of novel managerial concepts. Following Arts, Gijselaers, 
and Boshuizen (2006b p. 395), we considered the use of novel concepts as ‘an 
indicator for the possession and use of theoretical discipline knowledge, in 
the sense of characterizing case information’. An example of a managerial 
concept as used by a participant: ‘the turnover outweighs the costs, so 
there is profit’. Profit is a novel managerial concept; turnover and costs 
were literally mentioned in the case description. Novel concepts were only 
counted upon first use. 
2. Quality of problem representation. 
Based on Vaatstra (1996), Smith (2003), and Arts et al. (2006a), we used four 
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criteria which reflect the quality of problem representation: (i) student 
identifies that there is a problem, (ii) student uses all relevant perspectives 
conferred by balance sheet or the profit and loss statement, or both, (iii) 
student (inter)relates the relevant perspectives using domain knowledge in 
a proper way, and (iv) student is able to transform the numbers into ratios. 
These criteria were the basis for the development of a scoring model (see 
Appendix B). The higher the level, the deeper the participant processed the 
problem. 
3. Inferences 
The meaningful unit of analysis was identification of a correct cause and 
correct solution for each argument. We have scored the use of descriptive, 
explanatory or no inference. Descriptive inferences were literally derived or 
paraphrased from the case. An example of a descriptive inference as used 
by a participant is ‘the organization has high personnel costs, about 20% of the 
total cost’. Explanatory inferences were defined as statements with a causal 
or propositional relation; statements in which students connected facts 
with their prior knowledge and transformed them into a novel idea, i.e., ‘If 
Y then X’, or ‘X is caused by Y’. An example, as used by a participant, is ‘The 
football club’s canteen personnel costs could be reduced further by asking parents 
or members of the football club to do voluntary work’. Lastly, a correct cause or 
solution (or both) offered without elaboration, like ‘raise prices in the canteen’, 
was not counted as an inference. Only the number of explanatory inferences 
was counted.
4. Diagnostic accuracy  
First, we counted the number of correct and incorrect causes produced 
by the participant (diagnostic correctness). Second, each correct cause 
was evaluated on its completeness. Based on Vaatstra (1996), Smith (2003), 
and Arts et al. (2006a), we used three criteria to judge the diagnostic 
completeness: (i) consistency i.e., to what extent the student mentions 
causes connected to problem identification and definition (problem 
representation), (ii) to what extent the student names different types 
of causes (e.g., precipitating and underlying) and (iii) to what extent 
the student specifically takes into account the context of the football 
club (Smith, 2003). The three mentioned criteria were the basis for the 
development of a scoring model (see Appendix C). The total score for 
diagnostic completeness was the sum of the scores of completeness on 
each correct diagnosis. 
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Solution accuracy 
First, we counted the number of correct and incorrect solutions produced 
by the participant (solution correctness). Second, each correct solution was 
evaluated on its completeness. We used four criteria to judge complete 
solutions: (i) solution consistency i.e., to what extent the student mentions 
a solution which is line with the problem representation, (ii) to what extent 
the student indicates what further action should be undertaken for the 
mentioned solution (iii) to what extent the student states the problem’s 
effectiveness or its feasibility, or both (iv) to what extent the student weighs 
the solution in the context of the football club (Smith, 2003). The four 
mentioned criteria were the basis for the development of a scoring model 
(see Appendix D). The total score for solution completeness was the sum of 
the score of completeness on each correct solution. 
 Based on Smith (2003) and Bouwman (1984), we used four criteria to 
judge the quality of the evaluation of alternative solutions: (i) weighing of 
alternative solutions, i.e., to what extent the student is able to make a choice 
between the alternative solutions (ii) consistency i.e., to what extent the student 
describes the relationship between the chosen alternative(s) and the problem 
identification and definition, (iii) justification of the chosen alternative(s) 
i.e., to what extent the student can explain why she or he made the choice 
for a particular alternative (iv) to what extent the student includes specific 
contextual considerations into his or her justification. The scoring model for 
the quality of evaluation of alternative solutions is presented in Appendix E. 
data aNalySIS
We compared the three grade levels by using analysis of variance (ANOVA). The 
Boneferroni or Games-Howell test at a 5% level was used to control for Type 1 errors 
across the three pairwise comparisons. We used analysis of covariance (ANCOVA) 
for testing the effects for individual interest as a covariate on the differences in 
quality of problem solving between 10th, 11th and 12th graders. After testing for 
homogeneity of regression (interaction between covariates and factors), we found 
that none of the interactions in the analyses was statistically significant. This means 
that we can assume homogeneity of regression slopes. Effect sizes of AN(C)OVAs were 
measured by partial eta squared with .01, .06, and .14 representing small, medium, 
and large, respectively (based on Cohen, 1988). All analyses were done using SPSS 
(Version 22.0). 
INterrater relIaBIlIty
To determine the interrater reliability, two raters independently rated 26 
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protocols in two rounds. The first rater, experienced (> 10 years) in the field of 
business education and research, is a member of the research team. The second 
rater, not involved in the research project, is a very experienced (> 30 years) secondary 
school teacher in business as well as a university teacher in business. The second 
rater received training before rating the protocols. 
After a first coding round (10 protocols), low interrater reliability scores were found 
for quality of problem representation (weighted kappa=0.58), diagnostic correctness 
(kappa=0.64) and solution correctness (kappa=0.60). After this first round of rating, a 
‘moderating’ session was held. The first and second rater discussed disagreements and 
made adjustments to the scoring model so as to prevent those disagreements in the 
future. Adjustments involved altering the wording that defined the dimensions and 
that distinguished between scoring levels within a dimension. Furthermore, based on 
protocols, we added one level to the quality of problem representation. The second 
round of coding (16 protocols) established the desired degree of interrater reliability 
(see Table 2). We used a weighted kappa for quasi-interval scales, kappa for ratio and 
dichotomous scales, and Spearman correlation for ratio scales. 
4.4 RESuLtS 
applIcatIoN of domaIN-SpecIfIc coNceptS
In line with our first hypothesis, the results showed that the difference in the 
application of domain-specific concepts among 10th (M=2.18, SD=1.70), 11th (M=3.27, 
SD=2.39) and 12th grade students (M=3.78, SD=2.50) were statistically significant, F (2, 
210)=8.52, MSE=5.071, p <.001, ηp2=.075. Post hoc analysis showed that both 11th and 
12th grade students scored significantly higher than 10th graders. However, post hoc 
Weighted kappa Kappa Spearman 
Correlation
Application of domain-specific concepts 0.80
Quality of problem representation 0.85
Diagnostic correctness 0.70
Diagnostic completeness 0.862
Solution correctness 0.71
Solution completeness 0.865
Quality of evaluation of alternative solutions 0.80
Inferences diagnostic phase 0.751
Inferences solution phase 0.762
Table 2 Final interrater reliability (after moderating session)
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analysis did not confirm these differences between 11th and 12th graders. The ANCOVA 
results confirmed the main effect of grade F (2, 209)=8.17, p=.000, MSE=4.812, ηp2=.073, 
and indicated a significant effect of individual interest as covariate F (1, 209)=12.30, 
p=.001, ηp2=.056. This implies that our findings support Hypothesis IC: there is 
a significant effect of  grade level on the application of domain-specific concepts 
controlling for interest. 
 QualIty of proBlem repreSeNtatIoN
Likewise as expected in our second hypothesis, the difference in quality of 
problem representation among 10th graders (M=3.98, SD=1.48), 11th (M=5.04, SD 
1.94) and 12th graders (M=4.44, SD=2.50) was statistically significant, F (2, 210)=6.46, 
MSE=3.117, p <.01, ηp2=.058. The post hoc test revealed that the quality of problem 
representations of 11th graders was significantly better than those of 10th graders. 
When we take a closer look to the given answers we see that 10th graders generally 
use one perspective (which results in an answer at level 2–4, see appendix B) on the 
external sources (balance sheet perspective or profit & loss account perspective), 
whereas 11th graders generally use multiple perspectives and external sources in their 
given answers (which results in an answer at level 5 and higher, see appendix B). 
Furthermore, data showed that integrating a balance sheet and profit & loss account 
perspective and demonstrating correct causality between them are difficult for 
students from all three grade levels.
The following two statements illustrate students’ responses concerning the 
quality of problem representation:
‘The club is in negative equity.’ (girl, grade 10; level 2)
‘The association has more expenses than income. It has a € 13796 deficit. You can find 
this deficit in the balance sheet, namely in the negative equity. The membership fees 
are not covering the personnel and housing costs. Also, the association has a lot of loan 
capital. The canteen’s earnings are relatively low considering the costs and turnover. So 
are the entrance fees if you compare them to the accommodation and match costs.’ (girl, 
grade 11; level 5).
However, despite the fact that 11th graders scored higher than 12th graders, no 
significant differences were found between these two groups, nor between 10th and 
12th graders. An ANCOVA indicated main effects of grade level, F (2, 209)=4.613, p=.011, 
MSE=3.112, ηp2=.042, but a non-significant effect for individual interest as covariate, 
F (1, 209)=1.34, p=.249. The covariate, individual interest, was non-significantly related 
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to the quality of problem representation, not supporting hypothesis IC. 
INfereNceS 
We hypothesized that with increasing grade levels, the use of explanatory 
inferences increases. As expected in our third hypothesis, the use of explanatory 
inferences of 10th (M=1.11, SD=1.33), 11th (M=2.00, SD=1.73) and 12th graders (M=1.50, 
SD=1.64) was statistically significant, F (2, 210)=5.59, MSE=2.558 p <.01, ηp2=.051. 
The post hoc test revealed that the use of explanatory inferences by 11th graders 
was significantly higher than by 10th graders. However, no significant differences 
were found between 11th and 12th and 10th and 12th graders. An ANCOVA revealed 
main effects of grade level, F (2, 209)=3.661, p=.027, MSE=2.544, ηp2=.034, and a non-
significant effect for individual interest, F (1, 209)=2.187, p=.141. Individual interest 
was non-significantly related to the use of explanatory inferences, not supporting 
Hypothesis IC.
dIagNoStIc accuracy
The results showed that the differences in diagnostic correctness between 10th 
(M=1.56, SD=1.35), 11th (M=2.30, SD=1.54) and 12th grade students (M=2.23, SD=1.70) were 
statistically significant, F (2, 210)=4.64, MSE=2.385, p=.011, ηp2=.042. Post hoc analysis 
showed that both 11th and 12th grade students scored significantly higher than 10th 
graders. However, post hoc analysis did not confirm these differences between 11th 
and 12th graders. The ANCOVA results found a non-significant main effect of grade 
level, F (2, 209)=2.99, p=.052, MSE=2.260, ηp2=.028, and indicated a significant effect of 
interest as covariate F (1, 209)=12.65, p=.000, ηp2=.057. This could indicate a potential 
effect supporting Hypotheses IC: there is a significant effect of  grade on diagnostic 
correctness controlling for interest. 
In line with hypothesis 4, the results showed that the difference in diagnostic 
completeness among 10th (M=2.23, SD=2.17), 11th (M=3.48, SD=2.48) and 12th grade 
students (M=3.26, SD=2.62) was statistically significant, F (2, 210)=5.10, MSE=5.956, 
p=.007, ηp2=.046. Post hoc analysis showed that both 11th and 12th grade students 
scored significantly higher than 10th graders. 
In general, 10th graders only mention or identify a cause (which results in an 
answer at level 1, see appendix C), whereas on the whole 11th and 12th graders add a 
correct elaboration/explanation to the cause (which results in an answer at level 2 or 
higher, see appendix C). The following two examples are illustrative: 
‘The membership fees are too low’ (boy, grade 10; level 1). 
‘The cost price of the canteen’s products is too high. As a result, the net profit markups are 
small’. (girl, grade 11; level 2). 
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However, post hoc analysis did not confirm these differences between 11th 
and 12th graders. The ANCOVA results confirmed the main effect of grade level, F (2, 
209)=3.254, p=.041, MSE=5.759, ηp2=.030, and indicated a significant effect of interest 
as covariate F (1, 209)=8.185, p=.005, ηp2=.038. This implies that our findings support 
Hypothesis IC: there is a significant effect of grade level on diagnostic completeness 
controlling for individual interest. 
SolutIoN accuracy
We hypothesized that with increasing grade level, the number of correct 
solutions produced increases (Hypothesis 6). The results showed that the difference 
in solution correctness among 10th (M=1.55, SD=1.50), 11th (M=2.83, SD=1.77) and 
12th grade students (M=2.46, SD=1.68) was statistically significant, F (2, 210)=10.72, 
MSE=2.790, p=.000, ηp2=.093. Post hoc analysis showed that both 11th and 12th grade 
students scored significantly higher than 10th graders. However, post hoc analysis 
did not confirm these differences between 11th and 12th graders. The ANCOVA 
results confirmed the main effect of grade level, F (2, 209)=7.29, p=.001, MSE=2.705, 
ηp
2=.065, and individual interest, F (1, 209)=7.58, p=.006, ηp2=.035. This implies that 
our findings support Hypotheses IC: there is a significant effect of grade level on 
solution correctness controlling for individual interest.
In line with hypothesis 6, the results showed that the difference in solution 
completeness among 10th (M=2.63, SD=2.81), 11th (M=4.71, SD=3.09) and 12th grade 
students (M=4.05, SD=3.13) was statistically significant, F (2, 210)=10.72, MSE=2.790, 
p=.000, ηp2=.093. Post hoc analysis showed that both 11th and 12th grade students 
scored significantly higher than 10th graders. Characteristic differences between 
10th and 11th and 12th graders is that the latter group gives answers that takes 
into account effects for their given solutions (for balance sheet and profit and loss 
accounts) and additionally they involve other dimensions (e.g. social and personal 
dimensions) in their given solutions (which results in an answer at level 2 and higher, 
see appendix D). The following two examples are illustrative:
‘Raise the membership fees by 20 – 30 %. This will raise the proceeds. Members will stay 
with the club because it is probably in their area and they have friends at the club’. (girl; 
age; 18; grade 12; level 3)
‘Increase the amount of the membership fee’ (girl, grade 10; level 1)
However, post hoc analysis did not confirm these differences between 11th and 
12th graders. The ANCOVA results confirmed the main effects of grade level, F (2, 
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209)=5.36, p=.005, MSE=8.822, ηp2=.049, and individual interest, F (1, 209)=9.01, p=.003, 
ηp
2=.041. This implies that our findings support Hypothesis IC : there is a significant 
effect of grade level on solution completeness controlling for individual interest.
Likewise, as expected in hypothesis 8, the results showed that the difference 
in the quality of the evaluation of alternative solutions 10th (M=1.77, SD=1.29), 
11th (M=2.37, SD=1.50) and 12th grade students (M=2.63, SD=1.73) was statistically 
significant, F (2, 210)=5.43, MSE=2.305, p=.005, ηp2=.049. Post hoc analysis showed that 
both 11th and 12th grade students scored significantly higher than 10th graders. The 
differences between 10th and 11th and 12th graders is that 10th graders, in generally, 
do not take the context into account and/or do not explicitly relate their decision to 
the problem definition (which results in an answer at level 1 and/or 2, see appendix 
E). Whereas 11th and 12th graders decide on clear and viable option and correctly 
describe the impact of the decision on the problem definition (which results in 
answers at level 2 or higher, see appendix E). The following two examples are 
illustrative:
‘Attract more members, as this will result in more income from membership fees as well 
as more sales in the canteen.’(boy, 10th grade; age; 16; level 1). 
‘I would focus on the canteen because I think a lot more profit could be made there. 
Reduce staff, lower costs, and the profits will start to go up. Additionally, I would also 
organise more events and on the days that the fields are not being used, use them for 
other events. And in that way generate more profit’. (girl, 11th grade; age;18; level 4). 
However, post hoc analysis did not confirm these differences between 11th and 
12th graders. An ANCOVA revealed main effects of grade level, F (2, 209)=5.17, p=.006, 
MSE=2.312, ηp2=.047, but a non-significant effect for individual interest as covariate, 
F (1, 209)=.331, p=.566. Individual interest was non-significantly related to the quality 
of the evaluation of alternative solutions, not supporting Hypothesis IC.
4.5 DIScuSSION AND cONcLuSION
The purpose of this study was to investigate whether the quality of students’ 
problem solving differs in terms of application of domain-specific concepts, 
problem representation, inferences, diagnostic accuracy and solution accuracy 
in three consecutive upper grades of secondary education (15–18 years). Based on 
the argument that expert problem solving is influenced by motivational aspects 
(Alexander, 2003; Hatano and Oura 2003; Mayer 1998), we incorporated the problem 
solver’s individual interest in the domain of business.
Our findings support the role of grade level on the dependent variable 
112
expertise in terms of quality in problem solving and support our hypotheses. 
These findings support existing literature: grade level is positively related to the 
application of domain-specific concepts ( e.g. Bryce & Blown, 2012); to quality of 
problem representation (e.g. Arts et al., 2006a); to the use of explanatory inferences 
( e.g. Rikers et al., 2000); to diagnostic accuracy (e.g. Vaatstra, 1996; Arts et al., 2006a) 
and to solution accuracy ( e.g. Easton & Ormerod, 2001; Arts et al., 2006a; Anderson 
& Leinhardt, 2002). Put generally, during the course of secondary education students 
develop in terms of professional expertise. However, the post-hoc tests revealed that 
between Year 11 and Year 12 little significant differences were observed in terms of 
the quality in problem solving. Similarly, Arts et al. (2006a) found that during the 
transition to the workplace-stage (after graduation), graduates end up in a ‘confusion’ 
phase followed by a ‘consolidation’ phase. During this ‘consolidation’ phase, little 
significant progress in expertise occurs. A possible explanation is the ‘experiential 
shock’ graduates experience as the workplace requires different thinking and 
different knowledge than the problems during the educational period. For secondary 
education, this explanation does not apply, after all students do not go to the 
workplace. We will discuss three possible explanations for the ‘consolidation’ phase 
between Year 11 and Year 12.
First, the Dutch business curriculum has been frequently criticised for being 
overloaded (Voorend & Gijssen, 2001; Welp, 2007), covering a broad span of factual 
material at the expense of deep understanding (Alexander, 2005). Overloaded curricula 
might result in students focusing on rote memorisation of facts and concepts, rather 
than on developing a well-structured knowledge base and problem-solving skills. 
Second, at the end of Year 12 Nationwide leaving exams are held in the 
Netherlands. These Nationwide exams can be characterized as large-scale 
standardised exams (Scheerens, Ehren, Sleegers, & de Leeuw, 2012). Standardised 
tests may result in teachers concentrating on the skills tested which tend to be fairly 
basic, whereas more complex skills such as problem-solving are rarely assessed 
(Mons, 2009). Furthermore, these exams can be considered as high stake, because 
the results of these exams are used to make major decisions about a student, such 
as high school graduation and as an entrance to higher education. In this respect, 
many scholars in the domain of assessment refer to the negative backwash effects 
(e.g. Biggs,1995) or pre-assessment effect (e.g. Segers, Nijhuis & Gijselaers, 2006; 
Segers, Gijbels & Thurlings, 2008) of large-scale tests. First of all, former studies have 
been evidencing negative effects of tests on student learning. Students’ learning is 
influenced by their perceptions of the demands of an assessment task in terms of 
content (in terms of knowledge and skills) which will be assessed. Students focus 
on specific content which they expect to be tested (Segers et al., 2006). Students get 
to know the focus of the tests based on information from the teachers and peers, as 
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well as on the test prep books and programs which are widely available for students 
(Segers et al., 2006). Given problem-solving skills are not the focus of the Dutch 
national tests (Nusche et al., 2014), it can be expected that especially in the final year 
of secondary education when during the month of May the nation-wide tests are 
administered, students focus on what they interpret as being relevant for passing the 
tests. In this respect, pivotal scholars in the field of educational psychology (Messick, 
1989, Linn et al., 1991). have been discussing the low consequential validity of nation-
wide large scale tests, referring to the negative backwash effect of these tests on 
learning and other educational matters 
Third, the national exams have also backwash effects for teachers as they are 
also high stake for them. After all, the results of these exams are ‘publicly available 
accountability information’ (Scheerens et al., 2012). In this respect, Cunningham and 
Sanzo (2002) have shown that high stakes testing impacts negatively on creative and 
effective teachers, leading to cramming for tests rather than instruction. Moreover, 
schools, among other things, are nationally ranked based on nationwide leaving 
exams results. Backwash effects of the national exams for teachers in combination 
with the overloaded curriculum might promote ‘teaching to the test’ behavior, that 
is teaching focused on preparing students for a standardized test which does hardly 
measure problem-solving. 
Considering the target group as well as recommendations from earlier expertise 
development literature, we examined whether individual interest, as a covariate 
expressed in hypothesis IC, affects the quality of problem solving. We found a 
positive association between individual interest and the application of domain-
specific concepts, diagnostic accuracy and solution accuracy (with the exception 
of the quality of the evaluation of alternative solutions). These ANCOVA results 
largely confirm that, besides experience, motivational variables, such as interest, 
help determine problem-solving performance. This offers a different perspective 
on expertise indicators to that of traditional research. Traditional expertise research 
takes to a minor extent into account the role if individual differences, such as 
motivation and interest. Instead, it focusses on experience as an indicator. We agree 
with Bradley et al. (2006) that experience alone is not an acceptable indicator of 
expertise. In line with their work, our results indicate that other factors, more 
precisely interest as a motivational variable, must also be present to develop 
expertise. The ANCOVA results support the assumption that expertise cannot be 
fully accounted for by experience, rather, in part. When adding individual interest 
as a covariate, the influence of grade level on diagnostic correctness became non-
significant. 
A final interesting finding in this study was the rising standard deviations 
concerning the majority of the expertise variables. This might indicate that 
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education does not homogenise, but rather leaves room for differences between 
students. Some students progress faster in their expertise development than 
others. This might be due to various factors such as differences in intellectual 
capabilities, readiness to learn, or in perceptions of the learning and assessment 
environment.
The goal of secondary school learning environments is not to make experts 
of secondary school students but to help students develop the types of knowledge 
representations, ways of thinking, and social practices that define successful learning 
in specific domains (Goldman et al., 1999; Hatano & Oura, 2003) and thus lay the 
foundations for development of expertise, or as Tynjälä et al. argued (1997, p. 479) 
‘Education as an institution and educational practices have an important role in 
creating (or inhibiting) the preconditions for expertise.’
Our results show that secondary education contributes to students’ expertise 
development. The power of secondary education in laying the foundations for 
students’ expertise development can be increased by supporting (prospective) 
teachers in their understanding of what expertise development is about and the 
role of secondary education. Moreover, our results indicate that students’ individual 
interest positively impacts students’ problem solving. By enhancing students 
interest in the subject, teachers can increase the quality of students problem solving 
and therefore creating the precondition for expertise. In this respect, research 
on students’ interest (e.g. Bergin,1999; Renninger, 2000) is a relevant source of 
information for (prospective) teachers 
Various authors suggest that deep processing of the problem representation 
can improve the quality of all aspects of the whole problem-solving process (e.g. Arts 
et al. 2006a). In the business case, we presented two domain-specific tools (a balance 
sheet and a profit and loss account) that play an important role in representing 
the problem underlying this case. It turns out that students have difficulty in 
integrating these two domain-specific tools, to one another. Although the national 
exams require students to master these tools, in practice this is far from cut and 
dried. This seems to be in line with the findings of Postigo & Pozo (2004). They 
have shown that secondary school students have difficulty in processing conceptual 
and implicit information contained in domain-specific tools (maps and graphs) 
in Geography coursework. It might be that teachers pay too little attention in class 
to processing implicit and conceptual information embedded in tools, or that 
teachers underestimate the difficulty their students encounter in processing such 
information. This implies that instruction facilitating students’ interpretation of 
external sources, such as profit and loss accounts and balance sheets, should focus on 
processing implicit and conceptual information. In this way, students are supported 
in how to unpack the meaning of the language of these sources and readily employ 
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as they solve problems (Lebeau, 1998).
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Appendix A Case study: Heavy weather
Name:
Class/grade:
School:
Teacher:
Dear student,
This assignment is part of a research project by Radboud University in Nijmegen, the 
Netherlands. The assignment will be assessed by a researcher of Radboud University, 
and not by your teacher. It does not towards your exams or grades. For the sake of the 
research, it is important that you work on the assignment seriously and to the best of 
your abilities.
INSTRUCTIONS
You work for an accounting firm as an accountant. Your job is to analyse football 
clubs’ balance sheets and profit and loss statements. You also advise the clubs 
upon request. The only information at your disposal is on the following page. The 
assignment consists of four questions. You can use one page per question. Use the 
space you need to answer the questions. The allotted time for this assignment is 25 
minutes.
121
The football club WATC (We Are The Champions) has 1300 members whom 900 
are youth and 400 are seniors. The club has a halt on new members. As its general 
assembly, the WATC board expressed its concern over the football club. Not only have 
its sport-related achievements declined (the first team was relegated in the past season); 
the club is also going through financial difficulties. Tables 3 and 4 illustrate that.
Income Expenses
Membership subscriptions* 99000 Personnel staff
Accommodation
47090
63083
Canteen turnover 50000 Royal Dutch Football Association membership fees 30457
Sponsorships and advertisements 34600 Events/match related expenses 20708
Entrance fees 2832 Financing income and expenses 3716
Lotto pools 1534 Depreciation of fixed assests 4410
Other Lotteries 3470 Canteen cost of sales 44000
Profit/loss 13796
213164
Profit/loss
213164
Assets Liabilities
Tangible fixed assets 34900 Wquity -8600
Current assets 13400 Long-term liabilities 24000
Cash and banks 2500
50800
Current liabilites 35400
50800
Having seen the figures, the members realise that the club is in trouble. They 
propose contracting an accountant to advise the club. A few weeks later the 
accountant starts his work and within no time he can tell what is going wrong.
1. What is the problem that WATC is facing? Elaborate on your answer
2. Name up to 5 possible causes of WATC’s problem. Expand on each cause.
3. Name up to 5 possible solutions for WATC’s problem. Expand on each solution 
you propose.
4. What would you advise WATC to do? Provide arguments in support of your 
chosen approach.
Table 3 Profit and loss account WATC (the association’s reporting year runs from 1 July until 30 June)
Table 4 Balance sheet WATC
* The association’s reporting year runs from 1 July until 30 June ; ** The membership fee amounts to EUR 70 for youth members and EUR 90 for 
senior members.
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Appendix B Scoring model for problem representation
Appendix C Scoring model for problem diagnostic completeness
Level Description 
1 No definition of the problem
2 Problem is identified from “balance sheet” or from a “profit and loss account” perspective but not 
expounded, or expounded, incorrectly. The student speaks in absolute terms. The student refers to 
“balance sheet/profit and loss account” indirectly.
3 Problem is identified from “balance sheet” or from a “profit and loss account” perspective but is only 
partly correct or expounded minimally.
4 Problem is identified from “balance sheet” or from a “profit and loss account” perspective and is solved 
and expounded correctly.
5 Problem is identified correctly from “balance sheet” and from a “profit and loss account” perspective 
but is not expounded or not sufficiently expounded or not fully correct with regards to content.
6 Problem is identified correctly from “balance sheet” and from a “profit and loss account” perspective 
but (only) partly compounded (e.g., one of the perspectives has been elaborated and the other one has 
not)
7 Problem is identified correctly from “balance sheet” and from a “profit and loss account” perspective 
and is expounded on, or elaborated, correctly.
8 Problem is identified correctly from “balance sheet” and from a “profit and loss account” perspective, 
and both perspectives are integrated, demonstrating correct causality
9 Problem is identified correctly from “balance sheet” and from a “profit and loss account” perspective, 
and both perspectives are integrated, demonstrating correct causality and, furthermore, the student 
demonstrates a deeper understanding of the problems by means of deduced ratios.
Level Description
0 A cause that cannot be traced back 
An incorrect cause as regards domain content. 
A non-situation-specific cause (too generic)
An inconsistent correct answer in relation to the chosen problem representation
1 The student mentions or identifies a situation-specific cause that is consistent with the problem 
definition 
2 The student offers a correct elaboration/explanation of the mentioned situation-specific cause, which is 
consistent with the problem definition. 
3 The student offers a correct elaboration of a deeper or fundamental cause of the problem (e.g., an 
explanation as to why the cause is generating the problem; a high level of specificity as to what is 
causing the problem; the student poses questions), while amply taking the context into account.
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Level Description 
0 If a solution is incorrect or correct but inconsistent. If a solution is nonviable.
1 The student suggests a solution that causes confusion and limits the understanding of the problem or 
identifies a solution that lacks commentary or is lacking satisfactory commentary regarding domain content.
2 The solution points to an understanding of the problem; it is focused on changing or demonstrating 
what is ‘right’ or ‘wrong’ within the association. The student offers a ready solution rather than tailoring 
it to the problem. The student indicates the action as well as the reaction (solution-> effect).
3 The solution points to an understanding of the problem; it is focused on changing or demonstrating 
what is ‘right’ or ‘wrong’ within the association and acknowledges the need to gain access to more 
information with regard to the solution offered (student anticipates questions, such as those relating 
to viability/effectiveness); or the solution is sensitive to one or more of the dimensions (ethical, logical, 
economical, relating to the surroundings, or cultural) within which the association is situated.
4 The solution points to an understanding of the problem; it is focused on changing or demonstrating 
what is ‘right’ or ‘wrong’ within the association and acknowledges the need to gain access to more 
information with regard to the solution offered (student anticipates questions, such as those relating to 
viability/effectiveness) and the solution is sensitive to one of more of the dimensions (ethical, logical, 
economical, relating to the surroundings, or cultural) within which the association is situated.
Appendix D Scoring model for problem solution completeness
Appendix E Scoring model for quality of evaluation of alternative solutions
Level Description
1 The student does not reach a decision or the decision reached is not related to the problem definition 
or the decision is incorrect regarding content or does not take the context into account. 
2 The student is able to list (partially) viable option(s) (steps to be taken/ corrective measures) but is 
confronted with an inability to clearly decide on one option. The student reaches a decision but does 
not explicitly relate it to the problem definition. 
3 The student decides on clear and viable option(s) (steps to be taken/ corrective measures) but does not 
describe the impact of the decision on the problem definition or describes the impact of the decision 
on the problem definition incorrectly.
4 The student decides on clear and viable option(s) (steps to be taken/ corrective measures) and correctly 
describes the impact of the decision on the problem definition.
5 The student clearly decides on viable option(s) (steps to be taken/ corrective measures), describes the 
impact of the decision on the problem definition and considers the effects of the decision on the 
members of the association or substantiates the chosen option(s)
6 The student clearly decides on viable option(s) (steps to be taken/ corrective measures), describes the 
impact of the decision on the problem definition and considers the effects of the decision on the 
members of the association and substantiates the chosen option(s)
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5.1 INtRODuctION 
Today’s students are tomorrow’s professionals. Education plays a vital role in 
supporting students in developing expert-like behavior. This has been demonstrated 
repeatedly in the context of higher education (Boshuizen et al., 2004), but several 
researchers have shown that secondary school students can also exhibit expert-like 
behavior (e.g. Hackling & Garnett, 1992; Stoel et al., 2015). Regardless of whether the 
field of expertise is chemistry, accountancy or history, what is central to expert-like 
behavior is the ability to solve complex, ill-structured problems in a quality way.
The conditions under which such expert-like behavior develops have attracted 
considerable attention in educational research. Tynjälä et al. (1997) argued that 
ʻeducation as an institution and educational practices have an important role in 
creating (or inhibiting) the preconditions for expertise’. Instructional implications 
have been suggested based on the results of expertise development studies (e.g. 
Boshuizen et al., 2004; Ericsson, 2009). Yet, two shortcomings can be identified in the 
area of expertise research.
First, the instructional implications have not been brought together in a coherent 
framework, but have largely remained scattered throughout the literature. Second, 
to date, the actual impact of the use of these instructional implications on student 
behavior have seldom been investigated from the perspective of expertise development 
(Chi, 2011). In order to overcome the first problem, we have created a comprehensive 
overview of the instructional implications found in expertise development research 
(Elvira et al., 2016). The result of this literature review was a set of instructional 
principles for the design of classroom environments in formal education (e.g. in 
business, geography or biology) in order to enhance students’ expert-like behavior. 
With respect to the second problem, to the best of our knowledge, no studies 
have been published addressing the relation between the use of the instructional 
principles derived from expertise development research and the quality of problem 
solving by students as a measure of their expert-like behavior. There is a long 
tradition of learning environment research, measuring the relationship between 
characteristics of the learning environment and other student learning outcomes 
(e.g. Lizzio, et al, 2002), but not in relation to expert-like behavior. 
Student learning outcomes have been mainly operationalized as student 
achievement in terms of grades on tests as a proxy measure of students’ learning 
gains. Hattie’s (2008) review study also shows that research on student achievement 
is focused on grades and on learning environment predictors grounded within 
educational sciences. Although within the domain of problem-solving research 
students’ learning outcomes have been measured in terms of problem solving 
achievement, mostly these studies do not focus on the process which precedes the 
achievement, i.e. the way in which the solution of the problem has been reached, 
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which is an essential element of expert-like behavior. From the perspective of 
expertise development, the quality of problem solving includes the process as well as 
the final solution.
Expertise development research is mainly rooted in cognitive psychology. From 
an educational psychology perspective, Pintrinch et al. (1993) have argued that the 
cognitive science perspective on expertise and its development largely overlooks 
powerful motivational forces. In the same vein, Bereiter and Scardamalia (1993) found 
that ‘without understanding those motivational/affective dimensions, educators 
cannot explain why some individuals persist in their journey toward expertise, while 
others yield to unavoidable pressures’ (cited by Alexander, 2003 p. 10). In this respect, 
a very few number of studies in secondary schools have indicated that interest, and 
more specifically situational interest, has a relationship with expert-like behavior. In 
both del Favero et al. (2007) and Logtenberg et al. (2011) studies it seems that for the 
school subject history situational interest as a covariate, is a significant predictor of 
expert-like behavior. 
In this paper, we add to current understanding of the relation between 
characteristics of the learning environment and student learning outcomes in three 
ways. First, we build upon the results of expertise development research to identify 
and measure characteristics of the learning environment. Second, we measure 
student learning outcomes in terms of the problem solving process students follow 
when dealing with an authentic problem. Third, we introduce situational interest 
as an additional motivational variable in the analysis of the relation between the 
learning environment and outcomes. This has resulted in the following research 
question: What is the role of students’ perceptions of their learning environment in 
explaining differences in the quality of their problem solving, and what role does 
students’ situational interest play in this relationship?
5.2 thE QuALIty Of ExpERt-LIKE pRObLEm SOLvINg 
The development of expertise is a long and ongoing process, starting in 
formal education and continuing throughout professional life, during which the 
different elements of knowledge, skills and attitudes are continually qualitatively 
and quantitatively transformed (Boshuizen et al., 2004). In this respect, expertise 
development research approaches expertise from a relative perspective, indicating 
that people have less or more expertise (Chi, 2006). This approach differs from an 
absolute perspective on expertise, which focuses on top performers.
The relative perspective on expertise has two important principles. First, 
expertise research holds that experts are not created overnight; there are several 
stages of proficiency between novicehood and expertise (Chi, 2006). The literature 
on expertise development (e.g. Dreyfus & Dreyfus, 1986) provides us with different 
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models that describe the path to expertise, from simple novice/experts distinctions 
to proficiency scales varying from three up to seven different stages (e.g. Alexander, 
2003; Boshuizen, 2004; Chi, 2006; Hoffman, 1998). These models originate from stage 
theories describing a developmental continuum from novice to expert and identifying 
characteristics and development activities at each stage (Grenier & Kehrhahn, 2008). 
Second, expert professionals are constantly solving domain-specific problems, 
and the ability to solve these problems manifests the degree of their expertise. A 
characteristic finding of all this research is that experts outperform novices in terms 
of quality of problem solving. The problem solving process includes four stages: a) 
problem representation, b) problem diagnosis, c) problem solution and d) evaluation 
of alternative solutions.
a) problem representation
Problem representation reflects how an individual has interpreted and 
processed problem information into a ‘mental model’ (Arts, 2007). The quality and 
coherence of a representation determines the efficiency and accuracy of further 
thinking and problem solving (Glaser, 1984). Various authors (e.g. Chi et al., 1988) 
stated that domain experts represent problems on a deeper level than novices. 
Experts represent problem information by focusing on the meaning of information, 
instead of on superficial and literal aspects of the problem description as novices do 
(see also Arts et al., 2006; Boshuizen, 1989; Vaatstra, 1996). 
b) problem diagnosis
The quality of problem diagnosis can be defined as the identification, definition 
and explanation of the problem in terms of correct sources, causes and domain-
specific (e.g. managerial, medical, or legal) phenomena encountered (Arts, 2006). 
The quality of the diagnosis can be operationalized by two indicators: diagnostic 
correctness and diagnostic completeness (e.g. Rikers et al. 2000). Various authors (e.g., 
Arts et al., 2006; Boshuizen, 1989; Vaatstra, 1996) found a significant linear relation 
between the production of correct diagnoses (in absolute numbers) and years of 
formal schooling. Diagnostic completeness implies the explanation/elaboration of 
the correct diagnosis (Arts et al. 2006). Students with more educational experience 
provided significantly more complete diagnoses than students with less experience. 
This is confirmed in various studies (Rikers et al., 2000; Van de Wiel et al., 1998; Arts et 
al., 2006). As diagnostic completeness incorporates diagnostic correctness, this study 
uses diagnostic completeness as the indicator of the quality of problem diagnosis. 
c) problem solution
The quality of problem solutions can be operationalized by two indicators: 
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solution correctness and solution completeness. Solution correctness can be defined 
as providing correct solutions in terms of advice or decisions that should be taken 
for further action. Solution completeness implies the quality of the elaboration on 
which these correct solutions are built. Research by Anderson & Leinhardt (2002) 
and Arts et al. (2006) provides consistent evidence that the quality of problem 
solutions has a linearly increasing relationship with years of formal education. 
Their explanation for this phenomenon is that individuals with more educational 
experience start the reasoning process with a good problem representation, 
leading to more complete and correct diagnoses and solution alternatives. As 
solution completeness incorporates solution correctness, this study uses solution 
completeness as the indicator of the quality of problem solutions. 
d) evaluation of alternative solutions
Evaluation of alternative solutions is a complex judgmental process in which 
both the positive and negative aspects of alternative solutions are weighted and 
combined into an overall assessment (Smith, 2003). Bouwman (1984) and Franklin 
(2013) explicitly embed the evaluation of alternative solutions within the four 
stages of the problem solving process. Bouwman (1984) compared the decision-
making processes of experts and novices in the context of a financial analysis task. 
Concerning problem representation, Bouwman found that, for novices, reasoning 
appears to comprise deciding when to select what observed fact as the main ‘problem’. 
For experts, on the other hand, it is an attempt to develop a ‘picture of what is going 
on’. Bouwman (1984) focused on what Franklin would call the ‘frame’. A frame is a 
mental structure that simplifies and guides our understanding of a complex reality. 
Proper framing is a necessary attribute of a good decision, and efforts to identify 
many framing alternatives for the problem are required (Franklin, 2013). However, 
framing is only one of the elements in a decision-making process in which novices 
and experts differ.
Bouwman found that, in contrast to novices, experts analysed presented 
information and selected only those data that promised to be particularly relevant. 
This experts’ examination behavior is complemented by two additional processes, 
which are substantially lacking among the novices. One is the ‘directed search’ 
process, and the second is the ‘development of a feeling for the company’ (Bouwman, 
1984, p. 326). Additionally, Bouwman found that novices integrate observations and 
findings in a way that can be characterized as ‘linking together findings that explain 
each other’. Consequently, findings that do not explain each other are not linked 
together in terms of potential contradictions in the findings and are simply ignored. 
Experts, on the other hand, consistently focus on potential contradictions as an 
efficient means to zero in on underlying problems. 
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 Franklin (2013) mentioned three differences between novices and experts 
related to the problem solving stages of problem solution and evaluation of 
alternative solutions. First, the more highly developed the expertise becomes, the 
less likely it is that multiple alternatives will be considered for a single decision. 
Second, in contrast to novices, the expert recognizes the salient characteristics of 
the opportunity and adapts the response so that appropriate goals are met. Third, 
where the novice may see several possible choices for a given decision opportunity, 
the expert sees only one: the one calibrated to best address the opportunity. This is in 
line with Arts et al. (2006) who indicated that during formal schooling students learn 
to generate many solutions (maybe inadvertently as many solutions as possible), but 
do not learn to choose between these solutions.
5.3 SuppORtIvE LEARNINg ENvIRONmENtS fOR ExpERtISE 
DEvELOpmENt 
Recognizing the importance of education in the development of expertise (e.g. 
Alexander, 2005; Boshuizen et al., 2004; Ericsson, 2009; Goldman, Petrosino & CTGV, 
1999), Tynjälä (2008) developed a pedagogical model of expertise development. This 
‘Integrative Pedagogy Model’ defines learning towards expertise as getting better at 
expert-like problem solving. This model describes the development of expert-like 
problem solving as a result of three learning processes. 
First, transforming theoretical knowledge into practical knowledge requires 
that theories are considered in the light of practical experience; that is, theoretical 
knowledge is applied in a practical context. Second, explicating practical knowledge 
into conceptual knowledge is the process of making practical knowledge accessible 
and explicit (in the form of texts, figures, discussions or lectures). The third learning 
process entails reflecting on conceptual and practical/experiential knowledge using 
self-regulative knowledge; self-regulative knowledge is developed further in the 
process. The latter process is a means for increasing awareness of effective learning 
strategies and developing an understanding of how these strategies may be used in 
other learning situations (Ertmer & Newby, 1996). 
Although Tynjälä outlined the learning processes that should be fostered 
in a learning environment, her work does not explain how instruction should be 
organized to stimulate and foster these three learning processes. With this question 
in mind, Elvira et al. (2016) reviewed the literature to identify instructional principles 
to facilitate and support the learning processes underlying professional expertise 
development. Following McKenney, Nieveen & van den Akker (2006), instructional 
principles were defined as theoretically and empirically grounded constructs 
(substantive knowledge) linking strategy components (prescribing what to do, when 
and how) with intended pedagogic effects. The review of the literature revealed ten 
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instructional principles. Hereafter, these ten principles will shortly be presented in 
association with Tynjälä’s three learning processes. For further elaboration on these 
instructional principles we refer to Elvira et al. (2016). 
learNINg proceSS: traNSformINg theoretIcal kNowledge INto prac-
tIcal kNowledge
Principle 1: Support students in their epistemological understanding. 
Teachers should forcefully pursue students’ understanding and uncertainties 
by questioning their ideas and practices in the classroom rather than forcing them 
to simply memorize facts and procedures. As a result, students will not think of the 
academic content in simple black or white, right or wrong terms. Consequently, 
students are likely to process information on a deeper level, reason more effectively, 
and develop better problem solving and critical thinking.
Principle 2: Provide students with opportunities to differentiate between and among tools 
and concepts. 
In order to expose the implicit, explicit and conceptual meanings of domain-
specific tools (e.g. law books, balance sheets), teachers can (i) help students to 
see contrasts in the application of concepts in different contexts, and (ii) create 
situations for students to expose the knowledge and reasoning embodied in the tools. 
Furthermore, helping students to unpack the domain-specific language inherent to 
the tools will contribute to a well-organized, coherent conceptual knowledge structure. 
Additionally, this might influence students’ ability to interpret a case effectively.
Principle 3: Practice with a variety of problems to enable students to experience complexity 
and ambiguity. 
Working with a variety of problems will help students to recognize new 
problems as similar or identical to old ones already solved. This enables individuals 
to perform tasks efficiently. In addition to that, and with caution, problems should 
resemble as closely as possible the complexities, nuances and ambiguities of 
situations that arise in practice, including the ever-present background noise of 
potentially relevant detail. This helps student to produce successful outcomes of 
enhanced decision making.
Principle 4: Enable students to understand how particular concepts are connected. 
By focusing on ‘big ideas’ (e.g. organizing concepts and principles) in the 
classroom, retention and retrieval of learned content are facilitated, which tend 
to highlight features and suggest diagnoses that students normally fail to perceive 
(Gunderman et al., 2001; Heller et al., 1983). 
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Principle 5: Target for relevance. 
Linking learner and domain through curricular experience fosters a sense of 
relevance or applicability (e.g., Alexander, 2003; Arts et al., 2006). Repeated knowledge 
application to real cases is needed to organize concepts and their interrelations in 
the structure of higher order concepts. Increasing the authenticity of assignments by 
integrating professional activities might also help to direct and influence learners’ 
interest in the field. 
learNINg proceSS: explIcatINg practIcal kNowledge INto coNceptual 
kNowledge
Principle 6: Share inexpressible knowledge. 
Dialogue with peers about practice, modeling and coaching, small group 
discussions and ‘think aloud’ are straightforward strategies to express the 
inexpressible. These strategies help widen students’ perspectives on cases/problems 
and facilitate a higher level of performance than one might accomplish alone. 
In addition, they make the decision-making processes of instructors visible (and 
audible) and/or students experience see that coming up with a solution is not magic, 
but built from an existing knowledge grid that they can learn to mimic. 
Principle 7: Pay explicit attention to prior knowledge.
If the quality of prior knowledge is poor, students will try to make sense 
of cases in ways that do not align with experts’ explanations. Therefore, teachers 
should examine students’ prior knowledge to address misconceptions or knowledge 
gaps that inhibit students’ learning, and to build explicitly on formerly acquired 
insights. After all, students’ prior knowledge determines the quality of problem 
representation, which, in turn, determines the final accuracy of the problem 
diagnoses and solutions.
learNINg proceSS: reflectINg oN practIcal aNd coNceptual kNowl-
edge By uSINg Self-regulatIve kNowledge. 
Principle 8: Supporting students in strengthening their problem-solving strategies. 
Modeling is an important strategy to strengthen students’ problem-solving 
strategies. By showing what the end goal of ‘expertise’ looks like, modeling makes 
the expertise trajectory clear and thus presents the desired behaviors or processes 
towards expertise. Additionally, guided practice or coaching aims to oversee student 
performance and intervene when sub-optimal. Depending on students’ success, they 
can be encouraged to personalize or modify their strategies and transfer them to 
other problems and contexts. 
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Principle 9: Evoke reflection. 
In order to evoke reflection, students should be encouraged to generate 
solution processes and compare their thought processes to those of experts. When 
repeated, such activities should help students become aware of the processes 
involved in describing and solving problems. Through reflection, tacit knowledge 
can become conscious, as students can explicate what they know and do and what 
not. Furthermore, without reflecting on performance, one cannot easily refine, 
improve or accelerate expertise. 
Principle 10: Facilitating the development of metacognitive knowledge (learning strategies) 
and skills (self-monitoring, planning and evaluation). 
Metacognitive knowledge and skills enable experts to apply the right knowledge 
and actions. Most students do not develop learning strategies and metacognitive 
skills unless they receive explicit instruction in their use. For students to witness the 
inherent value of self-monitoring, instructors should show the benefits of devoting 
time upfront to problem analysis and planning a solution strategy. Moreover, 
novices must practice planning, monitoring and evaluating their work, using tools/
instruments such as visual prompts and checklists. 
These instructional principles provide a framework for teachers from different 
backgrounds and disciplines to support them by working together in planning, 
developing and providing coherent learning experiences for students. 
5.4 SItuAtIONAL INtERESt 
It has been argued by various scholars (Pintrich et al. 1993; Alexander, 2003) that 
the cognitive science perspective on expertise and its development, on which we 
have elaborated above, largely overlooks powerful motivational forces. ‘(…) without 
understanding those motivational/affective dimensions, educators cannot explain 
why some individuals persist in their journey toward expertise, while others yield to 
unavoidable pressures’ (Bereiter & Scardamalia, 1993). In other words, interest might 
explain the differences between individuals in reaching the novice, intermediate or 
expert level (e.g. Ge & Hardré, 2010). 
The Model of Domain Learning (Alexander, 2003) emphasizes interest as an 
important precondition for expert-like behavior in terms of applying deep-level 
strategies. Alexander (2003) differentiates between individual interest and situational 
interest. Individual interest is the energizing of learners’ underlying needs or desires 
on the long-term (Alexander, 2005). It is a deep-seated involvement in a given pursuit, 
subject, or topic (Hidi, 1990). Students in the early phases of expertise development, 
as our target group (adolescents) in this study, often do not possess rooted individual 
interest (Del Favero et al., 2007). A possible explanation is that adolescents struggle 
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with different goals and values in an attempt to develop a system of values that 
constitute their selves (Damon, 1991 cited by Hofer, 2010). In other words, adolescents 
have no clear idea what they find interesting individually. On the whole, situational 
interest dominates in this early phase of expertise. Earlier research in secondary 
education (Del Favero et al., 2007; Logtenberg et al, 2011) showed that situational 
interest is a predictor for expert-like behavior. Two components of situational interest 
can be distinguished: catch and hold (Mitchell, 1993), also called triggered and 
maintained interest (Hidi & Renninger, 2006). The catch component describes the 
first occurrence of situational interest. In this phase, a person’s attention is drawn to 
a certain issue, and curiosity toward this issue is aroused. In contrast, hold situational 
interest is a more involved, deeper form of situational interest in which individuals 
begin to forge a meaningful connection to and engage with the content of the 
material and realize its deeper significance (Hidi, 2001; Mitchell, 1993; Linnenbrink-
Garcia et al. (2010). Linnenbrink-Garcia et al. (2010) decomposed hold interest into 
two components: feeling-related components, which characterize individuals’ affective 
experiences while engaging with domain content (e.g., enjoyment, excitement), and 
value-related components, which emerge as individuals come to believe a domain is 
important and meaningful. These two components influence each other and both 
need to be included in a measure of hold interest. In this study, we will focus on the 
role of hold interest as a mediating variable. 
reSearch model
In this study, we address the following research question: What is the role of 
students’ perceptions of their learning environment in explaining differences in the quality of 
their problem solving and what role does students’ situational interest play in this relationship?
Figure 1 represents a simplified model for describing these relationships: the 
two contributing factors and the quality of problem solving are presented as groups; 
possible or likely relationships between the individual characteristics of the learning 
environment, the level of hold interest and components of the quality of problem 
solving are omitted here.
hold INtereSt
INStruc tIoNal pr INcIpleS e xpertISe
Figure 1 Conceptuel framework of factors associated with students’ expertise
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5.5 mEthODOLOgy
partIcIpaNtS 
The participants were 213 pre-university students from seven secondary 
schools in the Netherlands, following business education. The students were in 
10 different classes, and guided by eight different teachers. The sample included 
111 (52%) girls and 102 (48%) boys and comprised 64 10th graders (M=15.48 years), 
91 11th graders (M=16.82 years) and 61 12th graders (M=17.44 years). During three 
consecutive school years, students study business behavior from the perspectives 
of various disciplines within the domain of business (e.g., organisation, finance, 
marketing, financial policy, management information systems, and accounting) and 
of a range of stakeholders (College van Examens, 2013). The school subject business 
has a National Curriculum. It is completed in 12th grade with a National Exam 
administered in May. 
meaSureS
Quality in expert-like problem solving
The dependent outcome measure in this study is quality of problem 
solving in terms of expert problem solving characteristics. We collected data by 
administering an open-ended, problem-solving task to the subjects individually. The 
case description, an adapted final exam assignment, was designed by two university 
teachers with a degree in business, with experience (> 15 years experience and > 
30 years experience) in secondary business education and still active in secondary 
education. One professor in business and a professor in educational sciences 
together with one experienced teacher in business verified whether the case was 
realistic. Additionally, this experienced teacher verified if the domain-specific jargon 
was understandable for 10th, 11th, and 12th graders
The task was set in the context of a football club’s financial management. We 
asked students to answer (paper-and-pencil) the following questions to generate 
an understanding of students’ quality of problem representation (1), diagnoses (2), 
solution (3) and evaluation of the alternatives (4).
1. What is the problem that the football club is facing that you have identified 
in the case description? 
2. Name up to five possible causes of the football club’s problem that you have 
identified in the case description. 
3. Name up to five solutions for the football club’s problem that you have 
identified in the case description. 
4. What would you advise the football club to do what you have identified in 
the case description? 
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Analysis of problem solving task
The scoring rubrics used to analyse the 213 handwritten case protocols in 
terms of problem representation, problem diagnoses, problem solutions and 
evaluations of possible solutions were based on the ones used in a study by Elvira 
et al. (2015a). Problem representation included four sub-components: problem 
definition, identification of relevant perspectives, (inter)relationship between the 
relevant perspectives and an indication of a relationship between two business 
economic variables (ratios). Quality of problem diagnoses was operationalized 
as correctness and completeness of the problem diagnoses. We scored quality 
of problem diagnoses by taking into account the consistency (to what extent the 
student mentions causes connected to the problem representation), identification 
of different types of causes (e.g. precipitating and underlying) and context-bound 
perspective of the diagnoses. Quality of solutions was operationalized as correctness 
and completeness of the problem solutions. We scored quality of problem solutions 
by taking into account the consistency (i.e. to what extent the student mentions a 
solution which is line with the problem representation), direction for further action 
concerning the solution, the problem’s effectiveness or its feasibility, and weighing 
the solution in the context. Finally, the quality of the evaluation of alternative 
solutions included four sub-components: (i) weighing of alternative solutions, 
(ii) consistency (i.e. relationship between the chosen alternative and the problem 
representation), (iii) justification of the chosen alternative(s) i.e., to what extent the 
student can explain why she or he decided upon a particular alternative, and (iv) to 
what extent the student includes specific contextual considerations in his or her 
justification. To determine the interrater reliability, two raters independently rated 
26 protocols in two rounds (10 in round 1 and 16 protocols in round 2). The first 
rater, experienced (> 10 years) in the field of business education and research, is a 
member of the research team. The second rater was a very experienced (> 30 years) 
secondary school teacher in business as well as a university teacher in business. 
After this first round of rating, a ‘moderating’ session was held. The first and second 
rater discussed the protocols they had rated differently and made adjustments to 
the scoring model so as to prevent those disagreements in the future. Adjustments 
involved altering the wording that defined the dimensions and that distinguished 
between scoring levels within a dimension. Furthermore, based on protocols, 
we added one level to the quality of problem representation. The second round 
of coding (16 protocols) established the desired degree of interrater reliability 
(see Table 1). We used a weighted kappa for quasi-interval scales and Spearman 
correlation for ratio scales. 
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SupportIve learNINg eNvIroNmeNt for expertISe developmeNt 
In order to measure students’ perceptions of the extent to which instructional 
principles derived from expertise development literature are present in classrooms, 
we developed and validated the Supportive Learning Environment for Expertise 
Development-Questionnaire (SLEED-Q) (Elvira et al., 2015b). After conducting an 
exploratory factor analysis and confirmatory factor analysis, the SLEED-Q showed 
a seven-factor structure. The SLEED-Q has 30 items1 in seven scales: (1) Share and 
compare knowledge (SCK) measures the extent to which the environment fosters 
students’ expert-like behavior when working on tasks, (2) Target for relevance (TR) 
measures the degree to which students’ educational experience is meaningful 
and relevant to the practice of business, (3) Facilitate self-control and self-reflection 
(SELF) measures the reflection and control that students have within the learning 
environment, (4) Help students’ in their epistemological understanding in the domain (EPI) 
measures the degree to which students’ educational experience aligns to recognizing 
complexity and uncertainty in domain-specific knowledge, (5) Teaching for 
understanding (TfU) measures the degree to which students feel that they are taught to 
develop interconnected, structured knowledge, which can be applied to study tasks, 
(6) Support learning for understanding (SUPP) measures the degree to which students 
feel that they are supported in understanding which information is needed to solve 
problems, and (7) Supporting students in strengthening their problem-solving strategies (SSI) 
measures the extent to which students feel that they are supported in developing 
problem-solving skills by the teacher. Students respond to the SLEED-Q using a five-
point scale ranging from (1) Strongly Disagree to Strongly Agree (5). 
1  The Cronbach’s alpha coefficients for Relevance, Self-control & self-refection and Teaching for 
understanding increased when one item was omitted from each of these scales. We removed items: 
(V_19: ‘Many of our assignments are linked to events from the news (radio, television, newspaper, annual 
reports).’ V_39: ‘We draw up a plan for the tasks that we should carry out independently.’; V_42: ‘To carry 
out an assignment, we need to have sufficient understanding of the material.’
Weighted kappa Spearman correlation
Quality of problem representation 0.85
Quality of problem diagnoses 0.862
Quality of problem solutions 0.865
Quality of evaluation of alternative solutions 0.80
Table 1 Interrater reliability (after moderating session)
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hold INtereSt
Hold situational interest was assessed with 9 items (α=0,89) (4 items concerning 
feeling and 5 items concerning value) (Harackiewicz, Durik, Barron, Linnenbrink-
Garcia & Tauer 2008). These items focused on how much the school subject itself 
(rather than the presentation style) was enjoyable and meaningful. Students were 
asked to respond on a scale of 1 (Strongly disagree) to 5 (Strongly agree). 
data aNalySIS
Testing the research model
Given the lack of a prior theoretical model linking all of the constructs under 
investigation, we adopt a bottom-up method, essentially using path models as 
an educational data mining method (e.g. Baker & Yacef, 2009). This is consistent 
with the exploratory approach to this problem in which questions concerning 
the existence and direction of causal paths are resolved by reference to statistical 
criteria rather than a priori assumptions (Richardson, 2006). To this end, we follow 
a heuristic for building path models inspired by Mertler & Vanatta (2005). We 
impose a path model, consisting of the following sets of variables: characteristics 
of the learning environment supportive for expertise development, situational hold 
interest, and the quality of problem solving. First, standard multiple regression was 
conducted to accurately estimate the relationship between the independent variables 
(the seven scales) as measured by SLEED-Q and the dependent variable expertise 
in terms of quality in problem solving. Second, standard multiple regression was 
conducted to accurately estimate the relationship between the independent variables 
and hold interest. Third, bivariate regression was conducted to determine the extent 
to which hold interest as an independent variable was predicting expertise in terms 
of quality in problem solving. The results from these regressions were the input for 
the proposed tested path model (model 1). Model 1 was built and assessed using R 
software for path modeling (Arbuckle, 2010). 
χ2 accompanied with degrees of freedom, p value, and RMSEA were used as 
indices of the fit between the models and the data. The χ2 is a statistical measure 
to test the goodness-of-fit between the observed and predicted covariance matrix; 
a small χ2/df ratio (of less than 3) is considered to be indicative of a good fit 
(Byrne, 2001). Finally, RMSEA is sensitive to model specification and is minimally 
influenced by sample size and not overly affected by estimation method (Fan, 
Thompson, & Wang, 1999). Browne and Cudeck (1993) suggest guidelines for 
the interpretation of RMSEA: values in the range of 0.00 to 0.05 indicate close 
fit, those between 0.05 and 0.08 indicate fair fit. In addition to these absolute fit 
indices, CFI was used. The CFI value ranges from 0 to 1, and a value greater than 
.95 is considered a good model fit (Byrne, 2001). Based on the preliminary findings 
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of model 1, in which the direct effect of situational hold interest and support 
learning for understanding were found to be non-significant, two variations were 
tested. We will reserve further discussion of this issue for the Discussion. The first 
variation (Model 2) removed the direct path of support learning for understanding 
to the quality of the problem representation. The second variation (Model 3) 
removed the direct path of situational hold interest to the quality of the problem 
representation. For both Model 2 and Model 3, values of χ2, p, RMSEA, and CFI 
were generated.
5.6 RESuLtS
Data for this study were compiled from the questionnaire and the case protocols 
returned by students. See Table 2 for instrument reliability and summary data.
The multiple regression analyses showed the significant predicative value of 
‘support learning for understanding’ and ‘hold interest’ as shown in Table 3. Three 
relationships can be specified: (i) between ‘Support learning for understanding’ 
and ‘Quality of problem representation’; (ii) between ‘Support learning for 
understanding’ and ‘Quality of problem representation’; (iii) between the Learning 
environment characteristics ‘Share and compare knowledge’, ‘Relevance’, ‘Teaching 
for understanding’ and ‘Self-control and self-reflection’ and Hold interest, where the 
first three characteristics have a positive relationship with Hold interest and the last 
one a negative. 
Scale label (number of items) Mean (SD) α Min Max N
(F1) Share and compare knowledge 2.67 (0.77) 0.74 1 5 213
(F2) Relevance 3.43 (0.72) 0.70 1 5 213
(F3) Self-control & self-refection 2.86 (0.80) 0.69 1 5 213
(F4) Epistemological understanding 3.24 (0.65) 0.53 1 5 213
(F5) Teaching for understanding 3.86 (0.50) 0.65 1 5 213
(F6) Support learning for understanding 3.52 (0.62) 0.65 1 5 213
(F7) Problem-solving strategies 3.86 (0.65) 0.74 1 5 213
Hold interest 3.57 (0.67) 0.89 1 5 213
Quality of problem representation 4.54 (1.81) 1 9 213
Quality of diagnoses 3.05 (2.49) 0 10 213
Quality of solutions 3.90 (3.13) 0 13 213
Quality of evaluation of alternative 
solutions
2.29 (1.54) 1 6 213
Table 2 Reliabilities, means, standard deviations, scale range and frequencies for all scales 
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The results of the bivariate regressions showed that Hold interest was 
significantly related to ‘Quality of problem representation’, ‘Quality of problem 
diagnoses’ and ‘Quality of solutions’ (see Table 4).
In order to test the direct effects of students’ perceptions of the learning  
environment and the mediating and direct effects of students’ hold interest on 
quality of students’ problem solving, we have built a path model based on the 
significant predictors that emerged from our regression analysis (see Figure 2). 
Testing model 1 (the proposed tested model variation) led to an adequate model 
fit, χ2=17.477; df=14, χ2/df = 1.25, p=0.23, CFI = 0.98, and RMSEA = .034 with a 90% CI 
from 0.000 to 0.078. Although the proposed tested model (model 1) showed a good fit 
Table 3 Summary results of multiple regression analysis with Sleed-Q scales as predictor of expertise in terms 
of quality in problem solving and hold interest
Quality of 
problem 
representation
Quality of 
problem 
diagnoses
Quality of 
problem 
solutions
Quality of the 
evualuation 
of alternative 
solutions
Hold interest
P-value Beta P-value Beta P-value Beta P-value Beta P-value Beta
Support learning 
for understanding
0.025 0.235* 0.014 0.255*
Teaching for 
understanding
0.044 0.193*
Problem solving 
strategies
Epistemological 
understanding
Relevance 0.002 0.236**
Self control and 
self refection
0.034 -0.183*
Sharing and 
comparing 
knowledge
0.049 0.173*
Model fit
R2 0.0488 0.068 0.068 0.062 0.281
R2 adj 0.015 0.036 0.037 0.03 0.257
F (7,205) 1.475 2.13* 2.15* 1.94 11.45***
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Quality of problem 
representation
Quality of problem 
diagnoses
Quality of problem 
solutions
Quality of the 
evualuation of 
alternative solutions
P-value Beta P-value Beta P-value Beta P-value Beta
Hold interest 0.028 0.150 * 0.001 0.232 *** 0.000 0.261 *** 0.370 0.062
Model fit
R2 0.023 0.054 0.068 0.004
R2 adj 0.018 0.049 0.064 -0.001
F (1,211) 4.88 * 11.97 *** 15.39 *** 0.81
Table 4 Summary results of bivariate regression analysis with Hold interest as predictor of expertise in terms 
of quality in problem solving
* p<0.05; ** p<0.01; *** p<0.001
to the data, both ‘Support learning for understanding’ and ‘Situational hold interest’ 
had a non-significant effect on the quality of problem representation. A cumulative 
Type II error rate might have occurred: simultaneously testing the variables support 
learning for understanding and hold interest on the dependent variable quality of 
problem representation might have led to a non-significant association for both 
variables. Therefore, we added two variations: model 2 with a direct effect of hold 
interest on problem representation removing the direct effect of support learning for 
understanding; and model 3 with a direct effect of support learning for understanding 
on the quality of problem representation removing the direct effect of hold interest. 
Testing model 2 (the first variation), in which the measure of support learning 
for understanding was removed from the model 1 (i.e removing the direct relationship 
between support learning for understanding and quality of problem representation), 
led to an adequate model fit, χ2=20.69; df=15, χ2/df = 1.38, p=0.15, CFI = 0.97, and 
RMSEA = .042 with a 90% CI from 0.000 to 0.083. The difference in model fit between 
Model 1 and Model 2 was not significant, Δχ2(1) = 3.21, p = .07. However, removing 
support learning for understanding from the model resulted in a significant path 
coefficient of .15 between hold interest and quality of problem representation. 
Testing model 3 (second variation) in which the measure of hold interest was 
removed from model 1 (i.e removing the direct relationship between hold interest 
and quality of problem representation) led to an adequate model fit, χ2=22.27; 
df=16, χ2/df = 1.39, p=0.135, CFI = 0.97, and RMSEA = .043 with a 90% CI from 0.000 
to 0.082. Removing hold interest from the model resulted in a significant path 
coefficient of .13 between support learning for understanding and quality of problem 
representation. While the path analysis of model 1 identified a type II error, that 
is, the model failed to detect an effect that is present, the path analyses of model 2 
143
proBlem 
repreSeNtatIoN
QualIt y of proBlem 
dIagNoSeS
QualIt y of proBlem 
SolutIoNS
Share aNd compare
kNowledge
te achINg for 
uNder StaNdINg
relevaNce
Self-coNtrol &
Self reflec tIoN
Support le arNINg
for uNder StaNdINg
hold INtereSt
Figure 2 Proposed tested path model of students’ expertise (Model 1)
and 3 showed significant effects for hold interest (model 2) and support learning for 
understanding (model 3). We used two steps in order to select the best model. First, 
the difference in model fit between model 1 and 2 was determined, and second, the 
ΔBIC between model 2 and 3 was computed. The difference in model fit between 
Model 2 and Model 3 was not significant, Δχ2(1) = 1.57, p = .21. Second, the difference 
in BIC between model 2 (5039.7) and model 3 (5036.0) was 3.7. Kass and Raftery (1995) 
provide guidelines for the interpretation of ΔBIC: values in the range of 2.00 to 4.00 
have positive, those between 6 to 10 have strong, and > 10 have very strong evidence 
for a model having a better fit than another model. In this case, there is positive 
evidence for model 3 (see Figure 3) showing a better fit than model 2.
5.7 DIScuSSION 
With this study, we aim to contribute to future efforts toward reform of 
learning environments in secondary education. We developed a model that offers 
predictive capacity to help future researchers to design, implement and monitor 
classroom learning environments aiming to promote expertise development.
The results of this study show that instructional principles have both a direct 
and indirect relationship with the quality of problem solving. More concretely, 
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the quality of problem diagnoses and solutions is predicted by the instructional 
principles Teaching for understanding, Relevance, Self-control and self-reflection, 
and Sharing and comparing knowledge. This relation is mediated by hold interest. In 
addition, Supporting learning for understanding as an instructional principle has a 
significant predictive value for the quality of the problem representation. The results 
of the path model make the associations between the instructional principles, hold 
interest, and the quality of problem diagnosis and solution more plausible.
The finding that Support learning for understanding holds predictive value 
for the quality of the problem representation is supported by expertise development 
literature. Several authors emphasize the importance of qualitative understanding 
of concepts and problems in text books. One cannot represent a problem correctly 
without substantial domain-specific knowledge (Alacaci, 2004; Jensen et al., 2000; 
Alexander, 2005). Therefore, the teacher should prompt students to recall relevant 
knowledge needed to properly represent a problem. If the teacher perceives a lack in 
students’ prior knowledge, instruction must somehow support students in updating, 
completing and fine-tuning their knowledge base to enable them to represent the 
problem and must do so at a very fine level of detail. 
The positive significant association between relevance, in terms of applying a 
Figure 3 Proposed tested path model of students’ expertise
relevaNce
Self-coNtrol &
Self reflec tIoN
te achINg for 
uNder StaNdINg
Share aNd compare
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0.24**
0.16** 0.23**
0.23**
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0.30**
-0.16**
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theory and/or subject matter to authentic examples, and hold interest is in line with 
former studies. Several authors (e.g. Bergin, 1999; Schraw et al. 2001; Hardré, 2010) 
mentioned that the use of teaching materials that reflect the authenticity and which 
have an high extent of applicability, evoke professional-like thought processes among 
students. Besides that, it is an excellent way to promote students’ interest. After all, 
tasks that represent activities that one is likely to perform in one’s future studies or 
jobs have a clear personal and practical use (ten Berge et al., 2004). This enhances 
students’ feelings for, and appreciation of, the school subject.
Sharing and comparing knowledge, with an emphasis on the verbalisation 
of knowledge is another significant predictor of hold interest. These findings are 
confirmed by Del Favero et al. (2007), who have shown that discussions with peers 
have a significant positive impact on students’ interest as discussion assignments 
enable students to freely express their ideas and views. Following Bergin (1999), 
discussions might positively influence students’ interest in two ways. First, students 
will tend to be interested in a task to the same degree that they perceive that the task 
or activity will allow them to socialize, especially with friends. Second, discussions 
give students a chance to talk about the things in which they believe their strengths 
lie or about which they at least feel confident that they will not appear incompetent 
to those around them. Teaching for understanding requires teachers’ ability to 
make a school subject’s terminology, principles and procedures accessible to 
students, thereby enabling students to increase their proficiency. In Teaching for 
understanding, students’ prior knowledge of a particular subject must be elicited. 
Tsai et al. (2008) show that a learning environment in which students experience 
an activation of their prior knowledge and conceptual understanding (cognitive 
autonomy support) has a positive relationship with situational interest.
The negative, statistically significant correlation between ‘facilitate self-control 
and self-reflection’ and hold interest is a noticeable finding. Earlier studies reveal a 
significant positive association between self-regulatory activities and motivational 
activities. A possible explanation for our findings is that students may experience 
the three items underlying ‘facilitate self-control and self-reflection’ as external 
regulative factors. External regulation might be illustrated by the feeling ‘OK, I’ll 
exercise if I really must’. In the case of external regulative factors, students are 
driven to action by external factors, and they get scanty space to exhibit autonomous 
behavior. Deci (1992) suggested that students’ situational interest increases in 
classrooms that promote their autonomy.
Finally, the results indicate that students’ situational hold interest has a 
significant positive predictive value for the quality of problem solving, in terms 
of the quality of diagnoses and solutions. Previous research (e.g. Schiefele, 1993; 
Harackiewicz et al, 2008; Rotgans & Schmidt, 2011) has shown that there is a positive 
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relationship between situational interest and other forms of performance such as 
academic achievement and GPA. To the best of our knowledge, no prior research has 
addressed the relationship between situational hold interest and quality of problem 
solving. However, this result supports Alexander’s argumentation (2003, 2005) that 
motivational variables play a role in the development towards expertise. A possible 
explanation for the positive relationship in our results is that students who, more 
than their peers, find the school subject to be personally meaningful or valuable, 
engage in the task more thoroughly, resulting in better problem-solving. This is in 
line with Rotgans and Schmidt (2011) argumentation that situational interest serves 
as the motivating force that drives the student to delve into the literature and search 
for relevant, new information to satisfy his or her appetite for it. 
5.8 fuRthER RESEARch AND pRActIcAL ImpLIcAtIONS
While these results are the first to relate instructional principles derived from 
expertise development research to the quality of problem solving in secondary 
education, they need to be interpreted with some caution. The questionnaire used 
in the study is still at an early stage of development. Elvira et al. (2015b) formulated 
some steps for future validation. Future development of the instrument should 
include adding items to subscales and re-examining the formulation of some of 
the current items. The face validity of items, i.e. whether the meaning was clear 
and the response scales easy to use for students, was evaluated indirectly by asking 
students to report possible problems with the questionnaire to their teacher. 
This gave us indirect information about possible misinterpretations; it might be 
preferable to interview a sample of respondents to obtain first-hand data on face 
validity. Furthermore, some avenues for future research can be formulated. First, 
using a longitudinal rather than a cross-sectional approach would allow us to 
obtain data that better fit the developmental character of expertise development. 
Second, experimentally manipulating the quality of teaching might inform us that 
some forms of direct intervention are more effective than others. Third, using a 
larger sample size would allow us to conduct multilevel analyses. We are explaining 
pre-university educational phenomena using factors related to classrooms, 
teachers and schools. In that sense we are concerned with a ‘multilevel problem’ 
because explanatory variables at the teacher level may moderate individual level 
relationships (Hox, 2002). To deal with these different levels empirically a multilevel 
analysis is an appropriate method as, for instance, teachers and schools are nested 
in neighborhoods. By accounting for this nested structure, we acknowledge that 
the assumption of independent observations is violated in grouped data. Fourth, 
investigating a recursive relationship in the data for a possible link between the 
quality of students’ problem solving and solving a different problem would give 
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insight whether students learn from an earlier experience. A longitudinal study 
might shed light on whether (i) students learn from their mistakes, (ii) this affects 
their ability (quality in problem solving) to solve new problems they encounter, and 
(iii) that changes their perceptions of the learning environment.
From a practical point of view, educators need to be aware of the effect of 
situational hold interest on students’ quality of problem solving. Our findings 
show that three instructional principles play a role through the mediating variable 
situational hold interest: Teaching for understanding, Sharing and comparing 
knowledge and Relevance. In practice, we suggest teachers to introduce contexts 
to the classroom that at the same time correspond to students’ environment and 
experience and represent a business environment. However, it is not enough to 
merely present students with such contexts; students should experience teachers 
helping them to transmit a deeper understanding of the subject matter by enabling 
them to differentiate within and between concepts within different contexts. In 
addition, teachers might utilize these contexts to demonstrate relationships between 
concepts. After all, these contexts are an appropriate means to apply the acquired 
knowledge and thereby prevent the development of inert knowledge. Another 
suggestion for teachers is to let students engage in conversations with each other 
about the problems they have to solve. The principle of ‘two heads are better than 
one’ applies. This lends students an understanding of multiple perspectives and 
enables them to compare their own thoughts to those of a peer or expert. This 
ultimately facilitates the problem solving process. The final implication concerns 
Support learning for understanding, according to which teachers are advised to not 
only activate students’ prior knowledge, but to address its quality. This means that 
if students’ prior knowledge contains misconceptions or other inaccurate ideas, we 
suggest teachers to create immediate opportunities to address and rectify these. This 
does not only apply to the activation of prior conceptual knowledge, but also to that 
of prior procedural knowledge, such as doing a calculation correctly. 
In the field of expertise development, we have a long road ahead of us as we 
attempt to design learning environments that foster students’ quality in problem 
solving in terms of expert problem solving characteristics. In this study, initial 
steps are made by examining the relationship between secondary school’s learning 
environments and the quality of problem solving. Based on the scientific, social 
and political call, one might expect secondary education to plant the seeds towards 
professional expertise. As secondary education takes this task seriously, it has 
implications to the design of learning environments. Not only the role of learning 
environments, also by enhancing students’ hold interest the implications from this 
study may be a step forward in addressing that secondary education can produce 
‘baby experts’.
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6.1 INtRODuctION
Professionals are expected to solve domain-specific problems. Much research has 
been done on how novices compare to experts with respect to the quality of solving 
domain-specific problems. These studies have resulted in a number of implications 
for education and instruction aiming to shape learning environments in such a way 
that they enhance the quality of problem solving in terms of expert problem solving 
characteristics. This research on expertise development has been mainly conducted 
in higher education. However, Alexander (2011) argued for the important role of 
secondary education in expertise development, by stating that the seeds of expertise 
can be planted as early as during secondary education. Although several researchers 
have indicated that insights from expertise development research in higher education 
and the workplace can be translated to secondary education (e.g. Hatano & Oura, 2003; 
Feldon, 2008), hardly any research had been conducted in this setting. 
Our research has tackled this challenge. After all, students in the upper grades 
of pre-university education are also expected to solve domain-specific problems. 
In terms of the school subject Management & Organization, the area of this 
research, this means that students must solve problems in the domain of business. 
If the findings of earlier expertise development research were to be transferred to 
secondary education, we would expect that during the course of secondary education 
students would increasingly demonstrate expert problem solving characteristics. 
Taking a cognitive expertise development perspective in studying students’ 
journey to expert problem solving has been criticized by different authors such as 
Bereiter & Scardamalia (1986), Pintrinch, Marx & Boyle (1993), and more recently 
Alexander (2005). In 2003, Alexander argued that ‘traditional expert/novice 
researchers considered expertise from a ‘coldly cognitive’ perspective, overlooking 
powerful motivational and sociocultural forces’ (Alexander, 2003, p. 10). Previous 
research has shown that situational interest plays an important role in the transition 
from novice to expert. Therefore, in addition to a cognitive perspective, in this 
dissertation we have taken into account the role of motivational variables in terms 
of situational interest. This resulted in our overall research question: How can 
secondary schools place students on a trajectory toward professional expertise 
and prepare them for future development? More specifically: Which instructional 
principles, taking students’ situational interest into account, are associated with 
students’ quality of problem solving? 
This research question was broken down into sub questions (see Chapter 1), 
which were subject of the research reported in Chapters 2 to 5. A literature review 
was conducted to derive instructional principles. Ten instructional principles were 
identified that can be used in a learning environment with the aim of fostering the 
quality in problem solving from an expert problem solving perspective (see Chapter 
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2). In looking for appropriate principles for instruction, former studies on expertise 
development were used as sources of information. These studies indicate which 
implications for education and instruction should be employed when facilitating the 
development from novice to expert. To determine to what extent the instructional 
principles derived from theory are actually in use in a learning environment, 
a questionnaire was developed and validated (see Chapter 3). Subsequently, to 
determine whether students are able to solve problems in terms of expert problem 
solving characteristics, managerial problem solving by students was studied (see 
Chapter 4). For this study, the cognitive information processing perspective on 
managerial knowledge (e.g. Vaatstra, 1996; Arts, 2007) and problem solving played 
a central role. The results of the validation study (chapter 3) and the managerial 
problem solving study (chapter 4) formed the basis for a study of the relationships 
between the use of instructional principles, motivation in terms of situational 
interest, and the quality of problem solving (chapter 5). In this concluding chapter, 
we will first summarize the findings of our research. Next, some limitations and a 
number of suggestions for future research will be discussed. Finally, theoretical and 
methodological contributions and practical implications are presented.
6.2 fINDINgS AND INSIghtS fROm thE cuRRENt RESEARch
In Chapter 2, we answered the question which instructional principles aiming 
to foster the development towards expertise can be derived from the professional 
expertise development literature. Although there is a vast amount of expertise 
development research, as Chi (2011) indicates, there is a lack of knowledge about 
instructional principles to design education that fosters, enriches or accelerates the 
transition from novice towards expert. 
Our literature review aimed at formulating instructional principles based on 
the educational and instructional implications described in expertise development 
research. We identified ten distinct, yet related, instructional principles to support 
the development towards expertise in formal education. These instructional 
principles are shown in Table 1. We have organized the instructional principles 
on the basis of the learning processes of Tynjälä’s Integrative Pedagogy Model. 
Tynjälä (2008) has distinguished three learning processes: transforming conceptual/
theoretical knowledge into practical/experiential knowledge; explicating practical 
knowledge; and reflecting on both practical and conceptual knowledge by applying 
and developing self-regulative knowledge. Learning environments must be designed 
so that these three learning processes come on stream in conjunction, with the aim 
of promoting the development towards expertise. We assume that applying these ten 
principles will result in the realization of those learning processes (see Table 1).
In Chapter three (study 2), we developed and validated an instrument, the 
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Supportive Learning Environment for Expertise Development-Questionnaire 
(SLEED-Q) to measure students’ perceptions of the implementation of the 
instructional principles for promoting development towards professional expertise 
in a classroom learning environment. The scales of the questionnaire were based 
on the ten instructional principles resulting from the literature review (Chapter 2). 
We developed 65 items that reflected these ten dimensions. Four hundred and thirty 
students following a business course in 18 different (10th, 11th and 12th grade) pre-
university and senior general higher education classes at 9 Dutch schools completed 
the initial instrument. An exploratory factor analysis suggested that 33 items should 
be dropped and the remaining 32 could best be represented by seven rather than 10 
factors (see Table 2). 
Four of the initially conceptualised dimensions were part of the SLEED-Q: 
Relevance, Self-control & Self-reflection, Problem solving strategies and Epistemological 
understanding. Three new scales were derived from the data: Teaching for understanding, 
Support learning for understanding and Sharing and comparing knowledge. Given these 
changes, a modified SLEED-Q was developed. A confirmatory factor analysis 
was run. The path coefficients of the latent variables of the SLEED-Q indicated 
Learning processes Instructional principles
Transforming theoretical/conceptual knowledge into 
experiential/practical knowledge
1. Support students in their epistemological 
understanding
2. Provide students with opportunities to differentiate 
between and among concepts
3. Practice with a variety of problems to enable 
students to experience complexity and ambiguity
4. Enable students to understand how particular 
concepts are connected
5. Target for relevance
Explicating procedural/experiential knowledge into 
conceptual/theoretical knowledge
6. Share inexpressible knowledge
7. Pay explicit attention to prior knowledge 
Refecting on both practical and conceptual knowledge 
by using self-regulative knowledge
8. Supporting students in strengthening their 
problem-solving strategies
9. Evoke refection
10. Facilitating the development of metacognitive 
knowledge (learning strategies) and skills (self-
monitoring, planning and evaluation)
Table 1 Instructional principles and learning processes fostering professional expertise development
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a satisfactory fit for all these variables. The absolute and relative goodness-of-fit 
measures of the model showed an acceptable to good fit with the data. The seven 
scales demonstrated satisfactory to good internal consistency. In addition, the 
construct validity, concurrent validity and discriminant validity of the SLEED-Q were 
measured. Scores on these measures have demonstrated good evidence of construct, 
concurrent and discriminant validity. This questionnaire was used in study 4 in order 
to determine whether students’ perceptions of a learning environment are associated 
with their learning outcomes in terms of quality in problem solving. 
In study 3, reported in Chapter 4, we investigated if students’ quality in problem 
solving can be expressed in terms of expert problem solving characteristics. In 
addition, we investigated the impact of situational interest on students’ quality of 
problem solving. Pre-university students were asked to solve a business case. Three 
successive grade levels, 10th, 11th and 12th grade, were object of study. In total, 213 
students were involved in this study. To analyze students’ answers with respect to the 
business case, the characteristics of expert problem solving were used. The quality 
of expert problem solving is a central feature of expert behavior and consists of 
the following components: quality of problem representation, problem diagnoses, 
Scale label Refers to the following original instructional principles
Share and compare knowledge 9) Evoke refection; 6) Share inexpressible knowledge
Relevance 5) Target for relevance
Self-control & self-refection 10) Facilitating the development of metacognitive knowledge 
(learning strategies) and skills (self-monitoring, planning and 
evaluation)
Epistemological understanding 1) Support students in their epistemological understanding 
Teaching for understanding 10) Facilitating the development of metacognitive knowledge 
(learning strategies) and skills (self-monitoring, planning and 
evaluation); 5) Target for relevance; 2) Provide students with 
opportunities to differentiate between and among concepts;  
4) Enable students to understand how particular concepts are 
connected.
Support learning for understanding 7) Pay explicit attention to all students’ prior knowledge; 
8) Supporting students in strengthening their problem solving 
strategies 
Problem solving strategies 8) Supporting students in strengthening their problem solving 
strategies 
Table 2 Scale of the Sleed-Q with corresponding instructional principles
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problem solutions, evaluation of the alternative solutions, use of domain-specific 
knowledge and the reasoning process. In order to analyze the 213 cases, a new coding 
and scoring scheme was developed. The reliability of this scoring scheme was 
determined by inter-reliability between two raters. The reliability of the instrument 
was adequate to good. 
The results regarding the quality of problem representation showed that 
11th graders scored significantly higher than 10th graders in terms of the quality of 
the representation of a problem. On the whole, 11th grade students represented 
the problem from two perspectives (balance sheet and profit and loss account 
perspective) rather than one perspective (balance sheet or profit and loss account). 
Remarkably, no significant differences were found between grade 10 and grade 12 and 
grade 11 and grade 12. 
With respect to the quality of problem diagnoses, problem solutions, 
application of domain-specific concepts and explanatory inferences, these findings 
support existing literature: grade level is positively related to the application 
of domain-specific concepts (e.g. Bryce and Blown, 2012), to quality of problem 
representation (e.g. Arts, Boshuizen & Gijselaers, 2006), to the use of explanatory 
inferences (e.g. Rikers, Schmidt & Boshuizen, 2000), to diagnostic accuracy (e.g. Arts 
et al., 2006; Vaatstra, 1996), and to solution accuracy (e.g. Anderson and Leinhardt, 
2002; Arts et al., 2006; Easton and Ormerod, 2001). Put generally, during the course of 
secondary education students develop in terms of expert problem solving. However, 
the post hoc tests revealed that between grade 11 and grade 12 little significant 
differences were observed in terms of the quality in problem solving. 
Furthermore, this study examined the role of situational hold interest in 
relation to the quality of problem solving. We found that situational hold interest was 
positively associated with the quality of problem diagnosis, problem solutions and 
the use of domain-specific concepts. This is an indication that interest influences the 
quality of problem solving. Possible explanations for this finding are discussed in the 
section on theoretical implications below.
In Chapter five (study 4), we deal with the relationship between instructional 
principles supportive of expertise development (as perceived by students in their 
classrooms), students’ situational interest and students’ quality in problem solving. 
Conducting a path analysis allowed us to identify instructional principles in the 
learning environment as perceived by students that had an impact on students’ 
situational interest and the quality of their problem solving. The findings indicate 
that students who perceive their learning environment as supportive for learning 
were showing a higher quality problem representation. Moreover, when students 
perceive the learning environment as relevant to their (future) lives, as preparative to 
deeply understand concepts, ideas and processes that they can use and apply flexibly 
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and autonomously, and as encouraging sharing and comparing students’ thinking, 
they show more situational interest than others. Finally, the findings of this study 
demonstrate that students’ situational hold interest has a moderately positive direct 
effect on the quality of problem diagnoses and solutions. So, when a student holds 
interest in the subject, this will lead to deeper levels of problem diagnoses and 
problem solutions. 
6.3 thEOREtIcAL cONtRIbutIONS 
Our studies theoretically contribute to the domains of expertise development 
and learning environments in four ways. Firstly, our results confirm the importance 
of upper-secondary school in supporting students to take steps on their expertise 
development trajectory. More concretely, students show growth in the quality of their 
problem solving in terms of the application of domain-specific concepts, quality of 
problem representation, the use of explanatory inferences, diagnostic accuracy and 
to solution accuracy.
Secondly, the research field has been expanded by the formulation of instructional 
principles that hold promise for the design of learning environments aiming to 
foster the development towards expertise. Based on the instructional principles, 
the Supportive Learning Environment for Expertise Development questionnaire 
(SLEED-Q) was developed and validated. With this instrument, bridges have been built 
between expertise development research and learning environments research.
Thirdly, this research project has succeeded in the cross-fertilization between 
expertise development research and motivation research as we have shown that 
situational interest as a motivational variable explains differences in quality of 
problem solving in terms of expert problem solving characteristics. The role of 
motivational variables in solving domain specific problems had been overlooked in 
expertise development research in the past.
Fourthly, this research project has shown that learning environments as 
perceived by students play, with small and moderate effects, a role in explaining the 
differences in quality of problem solving. These are promising findings that support 
earlier qualitative research (Ge & Hardré, 2010), which indicated the possible role of 
learning environments in fostering the development towards expertise.
6.4 mEthODOLOgIcAL cONtRIbutIONS 
As there were no instruments available for measuring learning environments 
variables supportive for expertise development, we developed and validated the 
SLEED-Q. The instructional principles derived from the literature review (Chapter 
2) were used as the starting point for developing this instrument. The factorial, 
discriminant and concurrent validity of the SLEED-Q as well as the internal 
161
consistency of its scales were confirmed. 
For the third study, based on the operationalization of problem-solving 
quality in former expertise development research (e.g. Arts et al., 2006), a rubric was 
developed to code and score students’ problem-solving as they dealt with a business 
case. This model allowed us to quantify differences between three consecutive upper 
grades of secondary education in the application of domain-specific concepts, 
problem representation, inferences, diagnostic accuracy and solution accuracy. A 
strong point of this instrument is the possibility to quantify the quality of students’ 
problem-solving performance starting from qualitative observations (individually 
written protocols). These performances are often hard to capture, but can be 
observed or demonstrated through an artefact. By using the scoring model, based on 
essential features of problem-solving, varied levels of proficiency are made explicit. 
This allows to draw a theory-based, detailed and standardized picture of the position 
of students on the road towards expertise. 
The methods of analysis used in this research were not new, but hardly or 
never applied to the field of expertise development. We used research methods 
which shed a different light on the field of expertise development. To visualize 
the differences in the quality of problem solving in terms of expert problem 
characteristics between 10th, 11th and 12th graders, an ANCOVA with post hoc analyses 
was conducted. Expertise development research has been dominated by univariate 
methods such as ANOVA with post hoc analyses or t-tests (e.g. Boshuizen, Bromme 
& Gruber, 2004). Within the univariate methods, the use of ANCOVA is scarce, except 
for example Nievelstein (2009). Our choice for ANCOVAs has allowed us to produce 
more sophisticated statements due to the reduction in error variation resulting 
in increased precision, i.e. in a more accurate estimate of the real differences 
among groups. Furthermore, our research project extends expertise development 
research by the use of multivariate analysis. The use of exploratory and confirmatory 
factor analysis (Chapter 3) and a path model (Chapter 5) are examples of these 
multivariate methods. More concretely, the use of a path model has proved to be 
quite effective at uncovering which instructional principles perceived by students 
explained differences in the quality of problem solving. In addition, this method 
also uncovered the role of situational hold interest in explaining differences in the 
quality of problem solving. 
6.5 ImpLIcAtIONS fOR EDucAtIONAL pRActIcE.
Our research project provides tools for teachers/instructors to design their 
learning environment in such a way that it fosters the development towards 
expertise. There are four instructional principles as perceived by students which 
have a positive direct or indirect (mediated by interest) influence on the quality 
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of problem solving. These four instructional principles are: ‘Target for relevance’, 
‘Support learning for understanding’, ‘Teaching for understanding’ and ‘Sharing and 
Comparing Knowledge’. Hereafter, we will discuss the instructional implications of 
these instructional principles1. These implications have partly been discussed in the 
literature reviewed in Chapter 2, but should also be considered as further reflections 
of the author on the research results in the light of the ‘self-regulative knowledge’ 
(Tynjälä, 2008) accumulated in his professional practice. 
target for relevaNce
Teachers need to confront their students with contexts which are potentially 
meaningful for them. Concretely, this means that the problems students have to 
solve need to be closely connected to their daily life and the world they live in as 
well as to the real business world in the case of business education. Different kinds 
of media (movies, cartoons, newspaper articles, documentaries and the news) offer 
enough possibilities to make the school subject Management & Organization 
relevant and meaningful for students. 
Support learNINg for uNderStaNdINg
Activating students’ prior knowledge by letting students use their own words, 
will help teachers to get insight in knowledge already existing with students. One 
cannot represent a problem correctly without substantial and correct domain-
specific knowledge. Students with a higher quality of prior knowledge will represent 
a problem more accurately than students with a low quality of prior knowledge. 
Therefore, if teachers perceive a lack or misconceptions in students’ prior 
knowledge, instruction must somehow complete or repair students’ knowledge to 
enable them to represent the problem. They must do so at a very fine level of detail. 
Furthermore, teachers should stimulate students to draw on their own experiences 
when solving problems. Students can possibly draw upon a reservoir of causes and/or 
solutions to similar problems.
teachINg for uNderStaNdINg
Teachers should ensure that pupils have opportunities to distinguish between 
and within concepts and domain-specific tools (e.g. profit and loss accounts, 
geographic maps and microscopes). After all, the meaning of a concept and/or 
domain-specific tools varies according to the context. In order to differentiate 
between and within concepts and domain-specific tool, teachers need to provide 
students with repeated confrontations of a concept and/or domain-specific tools in 
1 Lessons designed based on these instructional principles are available by the author upon request
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different contexts. This might facilitate an organized coherent knowledge structure, 
which is a prerequisite to be able to solve an issue/problem in an appropriate way. 
Furthermore, teachers explicitly need to help students to make connections 
between concepts in order to develop a well-organized knowledge structure. 
Concepts students have met in isolation are unlikely to be fully recalled and cannot 
be used constructively when it comes to solving problems. Therefore, instructors 
should link learner and domain through curricular experience in order to foster a 
sense of relevance or applicability. A specific teaching strategy is repeatedly applying 
knowledge to real cases which is a necessary condition for organizing concepts and 
their interrelations in the structure of higher order concepts resembling an expert-
like knowledge structure. 
SharINg aNd comparINg kNowledge
To explicate the knowledge students possess, a teaching strategy might be to 
initiate small group discussions, which helps widen students’ perspectives on cases/
problems and facilitate a higher level of performance than one might accomplish 
alone. Here, the teachers’ role should not be underestimated. After all, he must 
not let the group take its course, and show where needed ‘think-aloud’ behavior, 
so that students understand that finding a solution is not magic. This might lead 
the students to compare their own thoughts to those of an expert. The differences 
between students and experts will evoke students’ reflection and clarify what the 
student is able to do and what not yet. Basically, this form of feedback should put 
students’ actions in the right direction.
6.6 DIREctIONS fOR futuRE RESEARch
In many ways, our research could only scratch the surface of a complex topic. 
Future research is needed in various directions, which can take a starting point 
in some of the obvious but unavoidable limitations of our research. Two newly 
developed methodological instruments played a central role in this research project: 
the Supportive Learning Environment for Expertise Development-Questionnaire 
(SLEED-Q) and a rubric to code and score students’ handwritten protocols. Although 
the data generated in this study provide initial evidence that supports the validity 
and reliability of the questionnaire and the rubric, it is important to point out 
directions for improvement. First, the scoring model used in this research is new. 
There is a need to test the usefulness of the rubric in other settings where students’ 
problem-solving is measured. Second, the domain of the business case was financial 
policy focusing on non-profit organizations. The performance of the students might 
be related to the specificity of the case. This case-specificity, implying that success 
on a case is specific to that case (Van der Vleuten & Swanson, 1990), might make 
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the results a poor predictor of performance on a case in any other domain within 
business such as strategy, organization or marketing. In future research it would be 
necessary to confront students with various cases related to diverse domains within 
business. This might give insights into whether students differ in the quality of their 
problem solving in different domains within business. 
Another option for future research is provided by the fact that the questionnaire 
in this research has only been validated with upper classes of secondary education 
preparing for university. The questionnaire should also be validated in higher 
education for two reasons. First, students in higher education have made a conscious 
choice for their studies. In secondary education both pupils for whom secondary 
business education will be the only formal education in business ever and students 
who will continue in this field are together in one classroom. Second, the learning 
environments in higher education are likely to be more focused on the workplace. 
For example, students will be prepared during the lessons for their internships. 
Thus, it might be possible that the transition from secondary to higher education, 
with more like-minded people in the classroom, and a possible greater emphasis on 
the workplace can have an impact on the perceptions of students, and consequently 
on the factor structure of the SLEED-Q.
Although we initially approached interest in terms of individual interest 
(cf. Chapter 4), we decided later on to focus on the influence of situational hold 
interest on the quality of problem solving, which fitted much better to the research 
population of secondary school students. Hold features are situational stimuli 
that have the ability to attract attention and ‘hold’ an individual’s interest (Philips, 
2007). In order to hold or maintain interest, it is necessary to emphasize the 
meaningfulness of subject content and facilitate students’ involvement. During this 
research project, the understanding about the differences between situational hold 
interest and individual interest became clearer. Given our target group in this research, 
it seems difficult to develop individual interest, except for rare cases. Although 
situational hold interest contains elements of individual interest, in line with 
Harackiewicz, Durik, Barron, Linnenbrink-Garcia & Tauer (2008), it is considered as 
a predictor of individual interest. Further research into this relationship with respect 
to the development of expertise in the classroom would be of great relevance. 
This research project is a first step in building empirical evidence on the 
importance of instructional principles and the role of situational hold interest in 
fostering students’ quality in problem solving in terms of expertise characteristics. 
Our literature review (Chapter 2) has shown that there were hardly any effect 
studies conducted in the field of expertise development, making it difficult to draw 
conclusions about the effectiveness of educational implications. Therefore, future 
research is needed to validate the instructional principles formulated in Chapter 
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2 using intervention studies. This might give insights into their usefulness (to 
what extent the principles give meaning to instructors’ own practice), effectiveness 
(ability of the instructional principles to achieve their proposed goals) and efficiency 
(achieving its proposed goal with the least resources possible). 
Our review study (Chapter 2) identified a lack of longitudinal research. Expertise 
development is a long, rocky and messy process starting in secondary education, 
through higher education and continuing in the workplace. To be consistent with 
the nature of expertise development, longitudinal research is necessary. To really 
understand which phases people pass through to finally become an expert or to 
determine how the ability to solve problems (in terms of expertise characteristics) 
changes and which preconditions have led to these changes, research which follows 
participants for a longer period is required. 
Follow-up research should focus on the transition from secondary education 
to higher education as well. This transition is being neglected in recent expertise 
development research, although the problem solving abilities of both secondary 
school students and students in higher education could be analysed from the 
perspective of expert problem solving. 
In this research project, cross-fertilization between research in the domain 
of expertise development and research in the domain of motivation was explored. 
Concretely, the role of interest on the quality of problem solving in terms of 
expertise characteristics was focused on. Research in expertise development in 
higher education and the workplace has until now, as far as we know, not focused 
on the role of motivation. For example, in Nievelstein, van Gog, Boshuizen & Prins 
(2010) or Arts et al. (2006) 1st, 2nd and 3rd year students (18–21 years old) participated. 
It is supposed that interest definitely plays a role in their development towards 
expertise. During their higher educational program, students develop their own 
preferences for specific domains (Finance vs Marketing in business or Common Law 
vs Civil Law in law). It would be desirable to examine whether in higher education 
interest also influences the quality of problem solving in specific domains. 
Besides the role of motivational variables, this research has shown that 
students’ perceptions of the learning environment influence their quality of problem 
solving as well. Future research could investigate if both students and teachers 
perceive the same learning environment from an expertise development perspective 
in the same manner. After all, congruent perceptions contribute to specific, well-
tailored educational programs and optimal learning processes, which potentially 
contribute to students’ learning. 
The current study can be characterized as input-output research. Students’ 
perceptions of a learning environment fostering the development towards expertise are 
the input and quality of problem solving forms the output. The output part refers to 
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the results of the learning process (Tynjälä, 2013). This study does not explicitly measure 
the learning processes identified in Tynjälä’s framework. Future research should focus 
on measuring the three learning processes that take place in the learning environment 
in order to determine the relationship between input (students’ perceptions of a 
learning environment), process and output (quality of problem solving). 
Two final observations need to be made regarding the students who participated 
in this research and their educational contexts. A first observation concerns our 
finding that there were no significant differences between 11th and 12th grade 
students in the quality of their problem solving in terms of expert problem solving 
characteristics, where an increase would be expected. We can offer three possible 
explanations. Firstly, business education is often criticized for its overloaded program, 
i.e. a one inch deep, mile wide program (e.g. Voorend, 2002). An overloaded curriculum 
might lead students to focus more on learning facts rather than on developing 
problem-solving skills (Kaplan & Owings, 2014). Secondly, the final exams at the end 
of 12th grade can be considered as ‘high stakes’. This means that these exams have a 
high level of impact on students’ lives. Such exams are known to lead to adjustments of 
students’ learning strategies according to the exam requirements (e.g. Segers, Nijhuis 
& Gijselaers, 2006; Segers, Gijbels & Thurlings, 2008). Given that problem-solving 
skills are not the focus of the Dutch final exams (Nusche, Braun, Halász & Santiago, 
2014), one can expect that students focus on other things than developing problem-
solving skills, especially in the last year of secondary school. Finally, the pressures of 
the national examination are also felt by teachers. After all, the final exam results are 
publicly available (Scheerens, Ehren, Sleegers & de Leeuw, 2012). This information 
could have consequences for the teacher, the subject department or, even wider, for 
the whole school. Given the potentially far-reaching consequences of this information, 
‘teaching to the test’ behavior can be evoked. It is unlikely that this behavior will focus 
on promoting students’ problem-solving skills. Our assumption is that the form and 
content of the national exams in business play an inhibitory role in the development 
towards expertise. But not only the curriculum at national level, but also the actually 
taught curriculum should be object of study. Future research should focus on whether 
the national exam and the actual lessons in 10th, 11th and 12th grade correspond to the 
principles needed to foster the development towards expertise. 
Our second observation concerns the context of secondary education. Previous 
research on expertise development considered students in the first year of higher 
education as novices (e.g. Nievelstein et al., 2010; Arts et al., 2006). Our research 
project has resulted in evidence that the manner in which and the extent to which 
secondary school students solve problems can be expressed in terms of expert 
problem solving characteristics. This means that students in secondary education 
can already be considered as novices.
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SAmENvAttINg
Een doel van het voortgezet onderwijs is leerlingen voor te bereiden op hun 
toekomstige leven als professional (Boot, 2014). Als het voortgezet onderwijs er op 
gericht is om de zaden te planten van toekomstige professionals, is het zinvol om 
te beginnen met een goed begrip van de aard van professionele expertise (Fenton-
O’Çreevy & Hutschinson, 2010). Het traditionele expertise ontwikkelingsonderzoek 
richt zich veelal op de verschillen tussen beginners en experts met betrekking 
tot de kwaliteit van het oplossen van domeinspecifieke problemen. Dit expertise 
ontwikkelingsonderzoek is voornamelijk uitgevoerd in het hoger onderwijs en op de 
werkplek. Het heeft tot implicaties geleid voor onderwijs en instructie gericht op het 
zodanig vormgeven van leeromgevingen dat deze de kwaliteit van probleemoplossing 
verbeteren. Hoewel verschillende onderzoekers hebben aangegeven dat de 
inzichten van onderzoek naar expertise ontwikkeling in het hoger onderwijs en 
de werkplek vertaald kunnen worden naar het voortgezet onderwijs (bijv. Hatano 
& Oura, 2003; Feldon, 2008), is binnen deze context nauwelijks onderzoek gedaan. 
Dit promotieonderzoek heeft als doel het voortgezet onderwijs vanuit expertise 
ontwikkelingsperspectief te benaderen. Met expertise ontwikkeling wordt bedoeld 
het in de loop van de tijd ontwikkelen van de vaardigheid in domeinspecifiek 
probleem oplossen. 
Van leerlingen uit de bovenbouw van het HAVO en VWO wordt verwacht 
dat ze domeinspecifieke problemen kunnen oplossen. Voor het schoolvak 
Management & Organisatie, het aandachtsgebied van dit onderzoek, betekent dit 
dat leerlingen in staat moeten zijn om bedrijfseconomische vraagstukken van (niet-)
commerciële organisaties op te lossen. Zouden de bevindingen van eerder expertise 
ontwikkelingsonderzoek worden overgedragen naar het voortgezet onderwijs, dan 
is de verwachting dat leerlingen bij het doorlopen van het voortgezet onderwijs 
problemen steeds meer oplossen op de wijze waarop experts dat doen.
Het traditioneel expertise ontwikkelingsonderzoek is veelal bestudeerd vanuit 
een cognitief psychologische traditie, hetgeen op kritiek is te komen staan van 
verschillende auteurs zoals Bereiter & Scardamalia (1986), Pintrinch, Marx & Boyle 
(1993), en meer recent Alexander (2003;2005). 
Alexander (2003) stelt dat de traditionele onderzoekers expertise zonder meer 
beschouwen vanuit een cognitief-psychologisch perspectief, waarbij zij krachtige, 
motiverende en sociaal-culturele invloeden over het hoofd zien. Eerder onderzoek 
heeft aangetoond dat situationele interesse een belangrijke rol speelt in de overgang 
van beginner tot expert. Om deze reden hielden we in dit proefschrift naast een 
cognitief-psychologisch perspectief rekening met de rol van situationele interesse. 
Dit leidde tot de hoofdvraag van ons onderzoek: Hoe kunnen scholen in het 
voortgezet onderwijs leerlingen op een spoor van professionele expertise zetten 
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en hen voorbereiden op hun rol als - toekomstige - professional? Anders gezegd: 
Welke instructieprincipes kunnen, rekening houdende met de situationele interesse 
van leerlingen in het schoolvak Management & Organisatie, met de kwaliteit van 
het oplossen van problemen door leerlingen in verband worden gebracht? Deze 
onderzoeksvraag is gesplitst in deelvragen (zie hoofdstuk 1), die vervolgens in de 
hoofdstukken 2 tot en met 5 van dit proefschrift behandeld worden. 
Een literatuurstudie werd uitgevoerd om instructieprincipes af te leiden. 
Daartoe werden de implicaties voor instructie en onderwijs bij het faciliteren van de 
ontwikkeling van beginner tot expert uit eerdere studies als informatiebron gebruikt. 
Daarbij zijn tien instructieprincipes geïdentificeerd die in een leeromgeving kunnen 
worden gebruikt met als doel het bevorderen van de kwaliteit in het oplossen van 
domeinspecifieke problemen vanuit het probleemoplossend perspectief van een 
expert (zie hoofdstuk 2). 
Om te bepalen in welke mate de uit de theorie afgeleide instructieprincipes, 
in de perceptie van de leerlingen, in een leeromgeving toegepast worden, werd 
een vragenlijst ontwikkeld en gevalideerd (zie hoofdstuk 3). Vervolgens werd de 
leerlingen een bedrijfseconomisch vraagstuk voorgelegd om te bepalen of zij bij 
het oplossen van dit vraagstuk kenmerken van expertise vertoonden (zie hoofdstuk 
4). Voor deze studie speelde het cognitieve informatieverwerkingsperspectief op 
bedrijfseconomische kennis (bijv. Vaatstra, 1996; Arts, 2007) en het oplossen van 
bedrijfseconomische problemen een centrale rol. De resultaten van de validatiestudie 
(hoofdstuk 3) en het onderzoek naar het oplossen van bedrijfseconomische 
vraagstukken (hoofdstuk 4) vormden de basis voor het onderzoek naar de relatie 
tussen het gebruik van instructieprincipes, situationele interesse en de kwaliteit van 
het oplossen van problemen (hoofdstuk 5). 
In hoofdstuk 2 beantwoorden we de vraag welke instructieprincipes gericht op 
het bevorderen van de ontwikkeling van beginner richting expert uit de expertise 
ontwikkelingsliteratuur kunnen worden afgeleid. Ondanks de enorme hoeveelheid 
aan expertise ontwikkelingsonderzoek, is er, zoals Chi (2011) al aangaf, een gebrek 
aan kennis over instructieprincipes om onderwijs te ontwerpen dat de overgang van 
beginner naar expert bevordert, verrijkt of versnelt. Onze literatuurstudie was gericht 
op het formuleren van instructieprincipes op basis van de implicaties voor onderwijs 
en instructie zoals in eerder expertise-ontwikkelingsonderzoek beschreven. Om 
de ontwikkeling richting expertise in het formele onderwijs te ondersteunen zijn 
er tien verschillende, maar verwante, instructieprincipes geïdentificeerd. Deze 
instructieprincipes worden in tabel 1 weergegeven. De instructieprincipes zijn 
aan de hand van de leerprocessen van Tynjälä’s Model van Integratieve Didactiek 
gestructureerd. Tynjälä (2008) onderscheidt drie leerprocessen: het transformeren 
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van theoretische/conceptuele kennis tot ervaringsgerichte/praktische kennis, het 
expliciteren van procedurele/ervarings-gerichte kennis tot conceptuele/theoretische 
kennis en het reflecteren op zowel praktische als conceptuele kennis met behulp 
van zelfregulerende kennis. Leeromgevingen moeten zo ontworpen worden dat 
deze drie leerprocessen samen op gang komen met als doel het bevorderen van de 
ontwikkeling richting expertise. Onze aanname is dat de toepassing van deze tien 
instructieprincipes tot de realisatie van die leerprocessen zal leiden (zie tabel 1).
In hoofdstuk drie (studie 2) is een instrument ontwikkeld en gevalideerd, 
de Supportive Learning Environment for Expertise Development-Questionnaire 
(SLEED-Q), om de perceptie van leerlingen op de leeromgeving te meten met 
betrekking tot de uitvoering van de instructieprincipes voor het bevorderen van 
de ontwikkeling van beginner naar expert. De schalen van de vragenlijst zijn 
gebaseerd op de tien instructieprincipes die uit het literatuuronderzoek voortvloeien 
(hoofdstuk 2). 65 items werden ontwikkeld die deze tien principes concretiseerden. 
Vierhonderd en dertig leerlingen uit 18 verschillende bovenbouwklassen HAVO/
Leerprocessen  Instructieprincipes
Het transformeren van theoretische/conceptuele 
kennis tot ervaringsgerichte/praktische kennis
1. Ondersteun het epistemologische begrip van 
leerlingen. 
2. Voorzie leerlingen van mogelijkheden om een 
onderscheid te maken tussen en binnen concepten.
3. Oefen met een scala aan problemen om studenten 
in de gelegenheid te stellen complexiteit en 
ambiguïteit van problemen te ervaren.
4. Stel studenten in staat om te begrijpen hoe 
bepaalde concepten met elkaar in verbinding staan.
5. Streef naar relevantie.
Het expliciteren van procedurele/ervaringsgerichte 
kennis tot conceptuele/ theoretische kennis
6. Deel onuitsprekelijke kennis.
7. Besteed expliciet aandacht aan voorkennis.
Het refecteren op zowel praktische en conceptuele 
kennis door middel van de toepassing van en 
ontwikkeling van zelfregulerende
8. Ondersteun leerlingen in het versterken van hun 
oplossingsstrategieën.
9. Lok refectie uit.
10. Vergemakkelijk de ontwikkeling van 
metacognitieve kennis (leerstrategieën) en 
vaardigheden (self-monitoring, planning en 
evaluatie).
Tabel 1 Instructieprincipes en leerprocessen die ontwikkeling van beginner naar expert bevorderen
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VWO afkomstig van negen Nederlandse scholen beantwoordden de items van het 
eerste instrument. Een verkennende factoranalyse duidde aan dat 33 items moesten 
worden geschrapt en dat de resterende 32 items zeven factoren vertegenwoordigden 
(zie tabel 2). 
Vier van de aanvankelijk geconceptualiseerde principes maakten als factoren 
deel uit van de SLEED-Q. Drie nieuwe factoren werden uit de data afgeleid: 
instructie tot begripsvorming, moedig studenten aan tot zelfverantwoordelijkheid in 
begripsvorming, en deel en vergelijk kennis. 
Om de robuustheid van de onderliggende factorstructuur uit de verkennende 
factoranalyse te bepalen werd een confirmatieve factoranalyse uitgevoerd. De absolute 
en relatieve goodness-of-fit indexen gaven aan dat de factorstructuur voldoende tot 
goed paste. De zeven factoren toonden voldoende tot goede interne consistentie aan. 
Bovendien werden de constructvaliditeit, concurrent validiteit en de discriminante 
validiteit van de SLEED-Q gemeten. Scores op deze maatstaven toonden een goede 
Schaal Verwijst naar de volgende oorspronkelijke 
instructieprincipes
Deel en vergelijk kennis 9) Lok refectie uit ; 6) Deel onuitsprekelijke kennis.
Relevantie 5) Streef naar relevantie.
Zelfcontrole & zelfrefectie 10) Vergemakkelijk de ontwikkeling van metacognitieve 
kennis (leerstrategieën) en vaardigheden (self-
monitoring, planning en evaluatie).
Epistemologisch begrip 1) Ondersteun het epistemologische begrip van 
leerlingen.
Instructie tot begripsvorming 10) Vergemakkelijk de ontwikkeling van metacognitieve 
kennis (leerstrategieën) en vaardigheden (self-
monitoring, planning en evaluatie); 5) Streef naar 
relevantie; 2) Voorzie leerlingen van mogelijkheden om 
een onderscheid te maken tussen en binnen concepten; 
4) Stel studenten in staat om te begrijpen hoe bepaalde 
concepten met elkaar in verbinding staan.
Moedig leerlingen aan tot zelfverantwoordelijkheid in 
begripsvorming
7) Besteed expliciet aandacht aan voorkennis; 
8) Ondersteun leerlingen in het versterken van hun 
oplossingsstrategieën.
Probleemoplossingsstrategieën 8) Ondersteun leerlingen in het versterken van hun 
oplossingsstrategieën.
Tabel 2 Schalen van de Sleed-Q met overeenkomende instructieprincipes
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constructvaliditeit, concurrent validiteit en discriminante validiteit. 
De laatste versie van de vragenlijst is in studie 4 gebruikt om te bepalen of 
de waarneming van een leeromgeving door studenten verband heeft met hun 
leerresultaten in termen van de kwaliteit van de probleemoplossing (de oplossing 
zelf en de stappen daar naartoe).
In studie 3, beschreven in hoofdstuk 4, werd onderzocht of het 
probleemoplossingsproces van leerlingen kan worden uitgedrukt in termen 
van expertise-kenmerken. Daarnaast werd individuele interesse in termen van 
gehandhaafde situationele interesse meegenomen als covariaat. Drie opeenvolgende 
onderwijsjaren, 4 VWO, 5 VWO en 6 VWO waren object van deze studie. In totaal 
waren er bij deze studie 213 deelnemers betrokken. Leerlingen werd gevraagd om 
een bedrijfseconomische casus op te lossen. Alle handgeschreven uitwerkingen van 
deze casussen zijn geanalyseerd op probleemrepresentatie, diagnose accuraatheid, 
probleemoplossingsaccuraatheid, evaluatie van alternatieve oplossingen, het gebruik 
van domeinspecifieke concepten en inferenties. Om de 213 gevallen te analyseren, 
werd een nieuw codeer- en scoorsysteem ontwikkeld. De betrouwbaarheid van 
dit systeem werd aan de hand van de interbeoordelersbetrouwbaarheid van twee 
beoordelaars bepaald. De betrouwbaarheid van het instrument was voldoende tot 
goed.
Met betrekking tot probleemrepresentatie, diagnose accuraatheid, 
probleemoplossingsaccuraatheid, evaluatie van alternatieve oplossingen, het gebruik 
van domeinspecifieke kennis en inferenties, ondersteunen de bevindingen uit 
studie 3 de bestaande literatuur: het onderwijsjaar is positief gerelateerd aan de 
toepassing van domeinspecifieke concepten (bijv. Bryce & Blown, 2012), de kwaliteit 
van probleemrepresentatie (bijv. Arts, Boshuizen & Gijselaers, 2006), het gebruik van 
inferenties (bijv. Rikers, Schmidt & Boshuizen, 2000), diagnostische accuraatheid 
(bijv. Arts et al., 2006; Vaatstra, 1996), en oplossingsaccuraatheid (bijv. Anderson 
& Leinhardt, 2002; Arts et al., 2006; Easton & Ormerod, 2001). Algemeen gesteld: 
leerlingen ontwikkelen in de loop van het voortgezet onderwijs meer deskundigheid 
in het oplossen van problemen. Niettemin bleek uit de post hoc tests dat tussen 5 
VWO en 6 VWO weinig significante verschillen werden gevonden in de kwaliteit van 
de probleemoplossing.
Bovendien is in deze studie individuele interesse in termen van gehandhaafde 
situationele interesse meegenomen als covariaat. Er was een positieve 
associatie tussen gehandhaafde situationele interesse en diagnose accuraatheid, 
probleemoplossingsaccuraatheid en het gebruik van domeinspecifieke concepten. 
Dit wijst erop dat interesse de kwaliteit van de probleemoplossing beïnvloedt. 
In hoofdstuk 5 (studie 4) behandelden we het verband tussen instructieprincipes 
die expertise ontwikkeling ondersteunen (zoals door studenten in de klas 
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waargenomen), gehandhaafde situationele interesse en de kwaliteit van de 
probleemoplossing door leerlingen. Een padanalyse werd uitgevoerd om de impact 
van instructieprincipes, zoals waargenomen door leerlingen in de leeromgeving, 
de gehandhaafde situationele interesse en de kwaliteit van de probleemoplossing 
te meten. De bevindingen wezen erop dat leerlingen die hoger scoren op de schaal 
‘Moedig studenten aan tot zelfverantwoordelijkheid in begripsvorming’ scoorden, 
een hogere kwaliteit van probleemrepresentatie vertoonden. Bovendien toonden 
leerlingen meer gehandhaafde situationele interesse wanneer ze een hogere perceptie 
hadden van hun leeromgeving in termen van relevantie (‘Relevantie’). Leerlingen die 
een hogere (=meer positieve) perceptie van een leeromgeving gericht op het grondig 
begrijpen van concepten, ideeën en processen (‘Instructie tot begripsvorming’) 
hadden, toonden meer gehandhaafde situationele interesse. Hoe hoger leerlingen de 
leeromgeving percipieerden als stimulerend wat betreft het delen en vergelijken van 
hun inzichten met medestudenten (‘Deel en vergelijk kennis’) des te hoger was de 
gehandhaafde situationele interesse. Tot slot toonden de resultaten van deze studie 
aan dat gehandhaafde situationele interesse een gematigd positief direct effect heeft 
op de diagnose accuraatheid en probleemoplossingsaccuraatheid. Als een leerling 
interesse behoudt voor het schoolvak Management & Organisatie, zal dit grondigere 
probleemdiagnoses en probleemoplossingen tot gevolg hebben.
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